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I 

S T E L L I N GE N  
I 
De thymus-onafhankelijke ,primary response" plasmaeellulaire 
reaktie start in de lymfeklier in de buitenste sehorszone. 
II 
De ,primary response"  plasmaeellulaire reaktie bestaat bij het 
konijn uit 2 submieroseopiseh duidelijk van elkaar te onderseheiden 
reeksen plasmaeellulaire elementen. 
III 
In het multidiseiplinair kliniseh-wetensehappelijk onderzoek kan 
het gebruik van eleetronenmieroseopisehe teehnieken een belang­
rijke voorwaard e zijn om pathologisehc problemen beter toegan­
kelijk te maken. 
IV 
Het is niet juist om op liehtmieroseopisehe gronden aileen zoncler 
meer aan te nemen dat de kwalifieatie ,meerkernige plasmaeellu­
laire elementen" - zoals die kunnen voorkomen bij het multipele -
myeloom - een eel met meerclere kernen representeert. 
E. UNDRJTZ. Hiimatologische Tafeln (Sandoz), 1 952 (aib. 
1 56-160) . 
E. MANDEMA. Over het multipcl mycloom, het solitaire 
plasmocytoom en de macroglobulinaemie, 1 956 (afb. 4 1-
44-65-66) . 
v 
lndien na sensibilisatie met een eontaetallergeen een ,delayed 
type" huidreaktie niet op te wekken is, client met de mogelijkheicl 
rekening gehouden te worden dat clit veroorzaakt kan worden door 
het ontbreken van een uit het beenmerg afkomstige eel. 
D. M. LunAROFF, B. H. WAKSMAN. J. cxp. Mcd. 1 28: 1425; 
1 968. 
D. M. LunAROFF, B. H. WAKSMAN. J. exp. Med. 1 28: 1 437;  
1968. 
'My consultants and I would like 
your permission 
to call in a general practitioner'. 
Medical News-Tribune, 
December 1 2, 1 969. 
B.s. POLAK. 
Opleiden in last, 1 2  mei 1 970. 
VI 
De door Prineas, Raine en '.Yisniewski onderzochte gevallen van 
experimented allergische encephalitis (EAE) missen een goede 
experimenteel-immunologische basis .  Het is dan oak wensel ijk 
demyelinisatie syndromen in het proefdier met behulp van immu­
nologische ,scheidingssystemen" te analyseren. 
Lab. Invest. 2 1 :  1 05; 1 969 
Lab. Invest. 2 1 :  3 1 6; 1 969 
Lab. Invest. 2 1 :  472 ; 1 969 
VII 
De ,atypische lymfocyten", die onder andere gez ien kunnen 
worden b ij de mononucleosis infectiosa en tijdens een cytomegalo­
v irusinfektie z ijn mogelijk het gevolg van een reaktie van thymus 
afkomstige ,antigen reactive cells". 
M. M. A. C. LANGENHUYZEN. Cytomega1ovirusinfektie bij 
vo1wassenen, 1 970. 
VIII 
Het begrip ,spl ijting van de lie toon" in de cardiologic is een 
mis te verstane term. Een ,gefixeerd gespleten lie toon" bl ijft 
echter een belangrijk auscultatoir gegeven. 
IX 
Tegen donor-inseminatie bij Rhesus-incompatibiliteit van een 
echtpaar - zoals door Plate en Hell inga wordt aangegeven - zijn 
ernstige bezwaren aan te voeren. 
W. P. PLATE, G. HELLINGA. Het onvruchtbare huwe1ijk. De 
Ned. Bib!. der Geneeskunde 1 4; 1 966. 
X 
Als oplossing van het probleem van de tegenwoordige ,huis­
artsen ontvolking" van grate bevolkingscentra zouden ,specialisten­
groepspraktijken", waarin de huisarts als algemeen arts-specialist 
functioneert, overwogen kunnen worden. 
XI 
Fraktuurgenezing kan bij stabiele osteosynthese zonder callus-
vorming tot stand komen. 
R. ScHENK, H. WILLENEGGER. Langenbecks Archiv fi.ir kli­
nische Chirurgie 308: 440; 1 964. 
G. SEGMULLER. Progress in Surgery 5: 87; 1 966. 
XII 
Teneinde de student in de geneeskunde vroegtijdig een indruk te 
geven van de grenzen waarbinnen de huisartsengeneeskunde zich 
afspeelt, client hij voor het begin van zijn (poli-)klinische stages een 
stage bij een of meerdere huisartsen te lopen. 
XIII 
Een kwaliteitsvergelijkend onderzoek met betrekking tot de in 
Nederland verschijnende dagbladen en tijdschriften is b ijzonder 
wenselijk. 
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The first experimental proof of antibody formation by lymphoid 
tissue 'was provided by McMASTER and HunACK ( 1935) who demon­
strated that subcutaneous administration of antigen induced antibody 
production in the regional lymph node. These experiments marked 
the start of a period in which the immunology and histophysiology of 
the lymphoid system have developed hand in hand. At the present 
moment the immune response of the lymphoid tissue is considered 
to consist of three antigen induced processes : the plasmacell re­
actions (PCR) representing antibody formation, the so-called 
specific cellular reactions (SCR) leading to cell-mediated im­
munity, and the germinal center reactions (GCR) the nature 
and significance of which has not yet been established beyond 
doubt. 
The concept of the 'plasmacell reaction' was introduced by FA­
GRAEUS ( 1948) who pointed out that the large basophilic blast cells 
which are the first elements of the plasmacell line originated 'de 
novo' upon antigenic stimulation (i) , that these cells actively multi­
plied during their development into fully differentiated plasmacells 
(ii) , and that the sharp, primary rise in circulating antibody coin­
cided with this differentiation and multiplication of immature 
plasmacells (iii). Even today the exact nature of the plasmacell 
precursors has not yet been elucidated, though their origin from 
the bone marrow has recently been demonstrated (MITCHELL and 
MILLER 1968; NossAL c.s. 1968c) . Also the site of initiation of the 
plasmacell reaction in the lymphoid organs has not yet been lo­
calized with certainty. 
The existence of a second type of immune reaction, the 'specific 
cellular reaction' has been established by experiments ofScoTHORNE 
and McGREGOR ( 1 955) , MACHER ( 196 1 ,  1962a, b) ,  GowANS and 
collaborators ( 1962a, b, c, 1963), TuRK and STONE ( 1 963), OoRT 
and TuRK ( 1 965) and FoRD c.s. ( 1 966b) . This type of reaction 
equally involves the appearance of large basophilic blast cells 
which, however, do not give rise to plasma cells, but to a function­
ally committed type of small lymphocytes. These lymphocytic end­
cells of the SCR have been demonstrated to be the carriers of 
specificity in cell-mediated immune reactions like allograft re­
jection, delayed-type hypersensitivity to (microbial) protein antigens 
and contact sensitivity to simple chemicals. (cf. WAKSMAN 1 960; 
TuRK and HEATHER 1965; see also W.H.O. Technical Report 
Series Nr. 423 .  Cell-Mediated Immune Responses, 1969) .  
The third process, the 'germinal center reaction', has been de­
scribed as early as 1 885 by Flemming and also starts with the ap­
pearance of large basophilic blasts, in this case strictly localized in 
the center of lymphoid follicles. The end-cell of this reaction is sup­
posed to be a class of lymphocytes (THORBECKE 1 969; NIEUWEN­
HUIS 1969) that has not been identified with certainty. Evidence has 
been provided (THORBECKE C.S. 1964, 1967, 1969; WAKEFIELD C.S. 
1 967, 1 968a, b) suggesting that these cells represent the 'memory­
cells', the committed plasmacell precursors of secondary response 
antibody formation. 
One of the main difficulties in investigating lymphoid tissue 
histophysiology is the simultaneous occurrence of these three re­
actions following the majority of antigenic stimuli, at least when a 
lymph node is the site of the immune response. In recent years, 
however, experimental procedures have been developed which 
enable their artificial separation, both functionally and morpho­
logically. In the present investigation irradiation with the thymus 
shielded has been used to suppress plasmacell and germinal 
center reactions for about 7 days without disturbing specific cel­
lular immune reactions. Inversely, irradiation combined with -
surgical or radiological - thymectomy was used to suppress com­
pletely any specific cellular reaction, while the plasmacell and 
germinal center reactions remained. The possibility of isolating 
these processes experimentally would seem to fulfil a first con­
dition for adequate structural analysis - with both light and elec­
tron microscope - of plasmacell reactions and specific cellular im­
mune reactions respectively. The special instrumental conditions of 
2 
the electron microscope, however, need an additional preparative 
technique which permits exact localization within the lymph node 
of any tissue fragment under electron-optical observation. A tech­
nique was developed which fulfilled this latter condition, thus 
enabling the use of electronmicrography as a logical supplement 
to light microscopy. 
3 
CHAPTER I 
IMMUNO-HISTOPHYSIOLOGY OF LYMPHOID TISSUE 
Lymphoid cell traffic. 
Effects of thymectomy. 
Fate of thymus-derived cells. 
Irradiation and the immune response. 
The immune response in the lymph node. 
LYMPHOID CELL TRAFFIC 
Since nearly 10 years it has generally been recognized that the 
lymphocyte population of a lymph node is not static, but one that 
is continuously exchanged. As early as 1936 SJVOALL suggested that 
the output of lymphocytes by lymphoid organs does not simply 
represent a discharge of newly formed cells, but at least in part 
the return of originally blood-borne lymphocytes via lymph 
vessels into the blood. This hypothesis was based on the obser­
vation that repeated bleedings did not induce enhanced mitotic 
activity in lymphoid organs. 
The existence of a pool of recirculating lymphocytes, i .e .  alter­
natingly circulating as blood lymphocytes and residing in lymphoid 
tissue and consequently continuously being redistributed among 
the various lymphoid organs, has been definitely demonstrated by 
GowANS ( 1 957, 1 959a, b) . The basic observation was the enormous 
decrease of lymphocyte output by the cannulated thoracic duct 
during a few days' drainage, when the collected lymph was returned 
without cells, and its restoration to normal values when the cells 
were reinjected intravenously. GoWANS and KNIGHT ( 1 964) using 
in vitro 3H-adenosine labeled thoracic duct lymphocytes, dem­
onstrated that upon reinjection these cells left the blood stream to 
enter the lymphoid organs, and subsequently returned to the blood 
by way of efferent lymph vessels including the thoracic duct. 
Labeled cells were recovered from the cannulated thoracic duct 
already 3 hrs. after their intravenous reinjection, whereas nearly 
98% of the injected cells was eventually recollected in the course 
of a few days. Large numbers of labeled cells were found to leave 
the blood stream in the lymph nodes through the wall of charac-
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teristic cortical venules, the so-called epitheloid venules (GowANS 
and KNIGHT 1964, MARCHESI and GowANS 1964) . The thymus 
was the only lymphoid organ that was excluded from the lym­
phocyte recirculation. Regarding the immunological significance 
of these recirculating lymphocytes GowANS c.s. ( 1962a, b, c) 
demonstrated that a lymphocyte class in the recirculating pool 
represented the immunologically competent cells for at least one 
type of immune response, the specific cellular reaction, i .e. trans­
plantation response and the graft-versus-host reaction. The last 
type of reaction is also considered a cell-mediated immune reaction. 
Additional information was obtained from investigations into the 
'life-span' of blood lymphocytes. LITTLE c.s. ( 1 962) using continuous 
3H-thymidine labeling of rats over some 3 months, have demon­
strated the existence of two classes of blood lymphocytes : a short­
lived category - a 1 00 % of which was labeled in about 5 days -, 
and a long-lived one which even in 90 days had not been labeled 
for a 100 %. From experiments with short-term cumulative 3H­
thymidine labeling in rats EvERETT c.s. ( 1 962, 1 964) calculated 
that the short-lived lymphocytes amounted to some 40 % of blood 
lymphocytes and to only 10 % of thoracic duct cells. Obviously it 
is mainly the long-lived category of blood lymphocytes that is in­
volved in recirculation. 
At the same time evidence was obtained proving quite a different 
type of lymphoid cell traffic. In cell transfer experiments between 
mouse strains with and without T6-marker chromosomes FoRD 
and MICKLEM ( 1963) demonstrated that lymphoid cells, originating 
from the bone-marrow, repopulated both the thymus and peripheral 
lymphoid organs (spleen, lymph nodes) of irradiated recipients. 
The exact nature of these cells could not be established beyond 
doubt, as the T6-chromosome is only recognized in colchicine ar­
rested meta phases of mitosis. It should be noted, however, that mi­
toses of these bone-marrow derived cells in peripheral lymphoid 
tissue (presumably) signify their being involved in immune re­
sponses. 
DuKOR c.s. ( 1 965) and MILLER ( 1966) investigating the post­
irradiation regeneration of the thymus observed that the lymphoid 
cells repopulating this organ originated from newly immigrated 
'small-lymphocyte-like cells' which they presumed to be bone 
marrow derived. By means ofT6-marker techniques (MILLER 1 962a, 
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1963, 1966; HARRIS C.S. 1 963, 1964a, b; LEUCHARS C.S. 1965; 
FoRD 1966a) and 3H-thymidine (PARROTT and DE SousA 1967 ) 
techniques in thymus transplantation experiments it was demon­
strated that lymphoid cells, originally present in the thymus graft 
moved out into spleen and lymph nodes. Moreover, the lymphoid 
cell population in the thymus graft itself was gradually replaced by 
lymphoid cells of host origin (METCALF and WAKONIG-V AARTAJA 
1964; DuKOR c.s. 1965; FoRD 1966a) . When these host-cell re­
populated thymus grafts were retransplantated into neonatally 
thymectomized secondary hosts (HARRIS and FoRD 1964a) the 
lymph nodes of the latter animals contained - from the second week 
- thymus-graft derived, primary host type lymphoid cells which 
proved that these lymphoid cells after passage through the thymus 
had populated peripheral lymphoid organs. Lastly MICKLEM c.s. 
( 1 968) demonstrated that not only in regeneration experiments but 
also under more physiological conditions bone-marrow derived 
lymphoid cells entered the thymus and lymph nodes. Traffic of 
lymphocytes from the thymus to the bone marrow has never been 
observed. 
Regarding the traffic of lymphoid cells towards lymph nodes, 
spleen etc. ,  Bos' ( 1967) experiments on rabbits would seem to 
provide additional information. Following local irradiation of a 
lymph node with a dose ( 750 rads) which caused complete destruc­
tion of the existing lymphocytes, a repopulation with blood-borne 
lymphocytes was seen in two distinct areas within 1 2-24 hrs. First an 
influx was observed into the mid-cortical regions - the so-called 
paracortical areas - by way of the cortical epitheloid venules. This 
influx corresponded with the influx of recirculating lymphocytes as 
described by GowANS and KNIGHT ( 1964) . Secondly, a strictly 
localized repletion of the lymphoid follicles in the outer cortex was 
found with small, dark staining lymphocytes. From these latter 
follicle-reconstituting, small lymphocytes a typical follicular cap of 
marginal zone cells developed in two or three days. Evidence was 
obtained suggesting that this follicular reconstitution was speci­
fically associated with return of antibody responsiveness. This 
phenomenon of rapid and massive repletion of lymphoid follicles 
has not been observed in the recirculation experiments of Gowans 
c.s. However, in these experiments the cells used were thoracic duct 
lymphocytes which belong largely to the long-lived category, where-
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as in the experiments of Bos the full complement of blood lympho­
cytes was available. The conclusion seems justified that the follicle­
repleting lymphocytes represent a separate class of lymphocytes 
which is amply present in the blood but largely or totally absent 
from the thoracic duct lymph and which is associated with antibody 
formation rather than with cc:ll-mediated immunity. The question 
may be raised whether these cells correspond to short-lived, 
presumably bone-marrow derived, blood lymphocytes. 
EFFECTS OF THYMECTOMY ON THE IMMUNE RESPONSE AND ON 
LYMPHOID TISSUE HISTOLOGY. 
A NON-THYMUS-DEPENDENT LYMPHOID CELL-SYSTEM 
Neonatal thymectomy has been found to result in a long 
lasting immunological unresponsiveness regarding transplantation 
immunity in mice and rats ( MILLER 196 1 ,  1962a; ARNASON c.s. 
1 962a, b) ,  delayed type sensitization in rats (JANKOVIC c.s. 1 962; 
ARNASON c.s. 1962a) , and mice (PARROTT and DE SousA 1966) , 
and hemolysin formation to sheep erythrocytes in mice (MILLER 
1962a, b, 1963, 1 964, 1965a, b; METCALF 1965) . The effects on 
transplantation response and on anti sheep erythrocyte hemolysin 
formation could be abolished by thymus grafts (MILLER 196 1 ,  
1962a, 1963; LEUCHARS c.s. 1 965; DAVIES C.S. 1966; HAYES 1969) 
and by isologous spleen or lymph node cell suspensions. (DALMASSO 
c.s. 1 963; MILLER 1 964, 1965b) . Adult thymectomy in these animals 
on the other hand had only negligible immediate effects on the 
immune response (HARRIS c.s. 1 948; ARNASON c.s. 1 962b; MILLER 
1964) . Nevertheless adult thymectomy in mice resulted in a gradual 
fading away of their immunological potential in the course of 9-24 
months (MILLER 1965a, 1966) . Severe impairment of immuno­
logical function - allograft rejection and hemolysin formation to 
sheep erythrocytes could also be caused in adult mice if thymec­
tomy was combined with potentially lethal X-irradiation (MILLER 
1963, 1964; GLOBERSON c.s. 1 962 ; AUERBACH 1963; TYAN c.s. 1 963; 
CRoss c.s .  1 964) . Lastly it has been shown that neonatal thymecto­
my in mice and rats practically inhibits the development of the 
pool of long-lived, recirculating lymphocytes as evidenced by an 
extremely1ow output oflymphocytes by the thoracic duct( ScHOOLEY 
and KELLY 1964; MILLER c.s. 1 967a) . 
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In rabbits neonatal thymectomy had irregular or poor effects on 
the immune response (ARCHER c.s. 196 1 ,  1962, 1963, 1964a) 
and in guinea pigs the delayed type sensitization potential was un­
affected (BART c.s. 1966) . Again adult thymectomy in rabbits was 
without direct effects, but in combination with repeated sublethal 
X-irradiation it completely abolished the potential to reject skin 
allografts for periods up to 1 50 days (KEUNING and VAN DEN 
BROEK 1968) . It may be noted that in these latter experiments both 
primary and secondary antibody formation to Salmonella Java 
flagellar antigen was usually normal. 
A tentative conclusion from the available evidence has been that 
the immunological incompetence induced by neonatal thymectomy 
was due to a complete absence of thymus derived lymphocytes 
in lymph nodes and other peripheral lymphoid organs. In adult 
animals thymectomy, though it cuts off any new supply of these 
cells, would not effect those already present in the peripheral pool 
and these latter would maintain immunological competence for a 
considerable period of time. The gradual decrease of immunolog­
ical competence in adult thymectomized mice as shown by MIL­
LER ( 1 965a, 1966, see above) has been taken to signify the gradual 
dying out of these cells. In any case this observation definitely sup­
ports the hypothesis that the thymus - even in adults - continues 
to influence immunological capacity, presumably by continuously 
supplying new cells to the peripheral pool oflong-lived, recirculating 
lymphocytes. The existence of a thymus produced humoral factor 
necessary for immunological functions (OsoBA and MILLER 1 964; 
OsoBA 1 965a, b; LEVEY c.s. 1963;  LAW c.s. 1964) is still a matter of 
discussion. 
The poor effects of neonatal thymectomy in rabbits and guinea 
pigs have been interpreted to indicate an early, prenatal peri­
pheralization of thymocytes. It should be borne in mind, however, 
as WAKSMAN c.s. ( 1962) have pointed out, that complete surgical 
thymectomy is difficult to achieve in certain animal species and that 
in consequence the observations maybe misleadingifincompleteness 
of thymectomy is not ruled out by careful macroscopical and mi­
croscopical post mortem examination of the thymus region. 
The fact that neonatal thymectomy in mice not only suppresses 
specific cellular immune responses like the allograft response and 
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delayed type sens1t1zation but also hemolysin formation towards 
sheep erythrocytes has for a long time been accepted as evidence in 
support of the hypothesis that the thymus produced the immuno­
logically competent cells for both types of immune response 
(MILLER 1 966; MILLER and OsoBA 1 967b; NossAL 1 967a; BuRNET 
1 969) . 
As far as the antibody response is concerned the fostering of this 
hypothesis is due to the incidental circumstance that in many lab­
oratories antibody formation in mice is routinely tested with sheep 
erythrocytes. The well-established thymus dependency of anti­
sheep-erythrocyte hemolysin formation in mice has at first been 
misinterpreted and considered representative for antibody for­
mation in general. In fact, however, in neonatally thymectomized 
mice antibody formation has been demonstrated to be usually 
normal against hemocyanin and pneumococcus polysaccharide 
(HuMPHREYc.s. l 964) and against ferritin (FAHEY c.s. 1 965) and in 
thymectomized-irradiated rabbits against Salmonella Java flagellar 
antigen (KEUNING and VAN DEN BROEK 1 968) . We will deal with 
this problem later on. For the present it may be concluded that 
antibody formation against various antigens in various animal spe­
cies may or may not depend on the presence and functional acti­
vity of the thymus, possibly the production of thymocytes. 
WAKSMAN, ARNASON and JANKOVIC ( 1 962) have been the first to 
analyze carefully the histological effects of neonatal thymectomy 
on the lymph nodes and spleen in rats. In the lymph nodes distinct 
areas of the cortex, in fact the mid-cortical regions, were totally de­
pleted of small lymphocytes ; only a narrow outer cortical zone 
contained normal quantities of lymphocytes. Moreover, normal 
lymphoid follicles were present. The medullary cords contained 
large numbers of plasma cells as usual. In the spleen the red pulp 
was unaffected; in the white pulp the follicles were normal but 
the remaining white pulp was largely depleted of lymphocytes. Im­
munologically these animals showed a severely impaired or even 
absent allograft rejection and a delayed type sensitization potential. 
The primary antibody response towards BSA - though not entirely 
lacking - declined (ARNASON C.S. 1 962a, 1 964; JANKOVIC C.S. 1 962) .  
Four years later nearly identical histological findings in mice were 
described by PARROTT, DE SousA and EAsT ( 1966) . The latter 
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authors suggested the name ' thymus dependent areas' (TDA) 
for the lymphocyte depleted region ob3erved in lymph nodes and 
in the spleen of these neonatally thymectomized animals. 
In the rabbit totally lymphocyte-depleted TDA's in lymph 
nodes, spleen and appendix havt" been described by KEuNING and 
VAN DEN BROEK ( 1968 and personal communication) following 
adult thymectomy - radiological or surgical - combined with re­
peated (3 ) sublethal total body X-irradiation. As mentioned 
before in these animals skin allograft rejection was delayed ( l 00-1 50 
d. ) or lacking, whereas the primary antibody response to Salmonella 
Java H-antigen and priming for secondary antibody response were 
usually normal from 2 weeks after the last irradiation onwards. 
Histologically again the outer cortex of the lymph node including 
the follicles and the follicles of the splenic white pulp had a quan­
titatively normal population of apparently non-thymus derived 
small lymphocytes and marginal zone cells. Similarly a complete 
and selective destruction of long-lived, recirculating small lympho­
cytes was obtained by TURK c.s. ( 1 967a, 1 968, l969c) in guinea 
pigs by repeated administration of anti-lymphocyte (or anti-thy­
mocyte) serum. The paracortical areas in the lymph nodes and 
perivascular lymphocyte sheaths in the spleen - TDA's - were 
devoid oflymphocytes ; ' . . .  No changes were, however, found in the 
areas of the lymph node involved in the humoral antibody re­
sponse' (TuRK c.s. 1 968, p. 694) . Delayed-type sensitization towards 
the contact-sensitizers oxazolone and dinitrochlorobenzene was 
greatly impaired or impossible. 
In all of these experiments a class of lymphoid cells distinct from 
the thymus dependent, long-lived, recirculating lymphocytes pre­
sents itself (as in the 'Lymphoid Cell Traffic') , in conjunction with 
follicular structures and antibody forming capacity. 
In 1954 Chang incidently observed the absence of antibody 
formation against S. typhimurium 0-antigen in chickens following 
surgical removal of the bursa Fabricii (GLICK c.s. 1956, 1964) . The 
bursa is a double, appendix-like organ of the end-gut in young 
birds; in most species its involution begins at the age of about 10  
weeks, and in  the adult animal the organ is mostly vestigial (MuEL­
LER c.s. 1 964) . Its development can be completely suppressed if 
testmterone is administered in mid-fetal life . The observation by 
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Chang and its experimental analysis by Glick c.s. and many 
others, and the effects of thymectomy suggested the existence of two 
separate cell-systems of immunologically competent cells: one 
thymus-derived and responsible for specific cellular immune re­
sponses and the other - in birds bursa derived - comprising the 
immunologically competent cells for the antibody response (WAR­
NER c.s. 1 962, 1964; SzENBERG and WARNER 1962a, b ) .  Still the 
experimental data seem controversial. Warner c.s. using hormonal 
suppression of bursa development observed impaired or non­
existent capacity for forming antibody to a variety of antigens 
(BSA, HGG, brucella suis) and in delayed hypersensitivity reac­
tions to tuberculin or vaccinia virus. CooPER c.s. ( 1966a, b) , using 
surgical bursectomy, apparently needed a combination of bursec­
tomy with nearly lethal total body X-irradiation to suppress re­
producibly (primary and secondary) antibody responsiveness to­
wards BSA, brucella abortus or hemocyanin, although delayed­
type sensitization to diphteria toxoid remained possible. The latter 
was impossible, however, after surgical thymectomy with nearly 
lethal total body X-irradiation (650 rads) . 
On the other hand RosE and 0RLANS ( 1968) were able to elicit a 
normal delayed type sensitivity towards mycobacterium avium, 
after surgical bursectomy and 700 rads irradiation, while the anti­
body responses towards HSA and SRBC were indistinguishable 
from those of the normal controls. Even in hormonal bursectomized 
chicken in which primary antibody responses to HSA and SRBC 
were depressed, more or less normal secondary antibody responses 
to BSA and BGG were found. These latter authors stress the 
following important point : 'The massive, rapid and transitory anti­
body response of the fowl to a single intravenous injection of a 
soluble protein is unlike that of any other species. It differs also 
from subsequent responses of the fowl in the type of immunoglobulins 
formed . It is this unusual type of primary response that seems to be 
affected by bursectomy.' (RosE and 0RLANS 1968, p. 235) . It may be 
added that so far immunological reconstitution ofbursa-less animals 
with bursal grafts or bursal cell suspensions (MuELLER c.s. 1 964) has 
been unsuccessful. In mammals the existence of a bursa equivalent has 
been postulated and without much experimental evidence the mam­
malian appendix has been presumed to play that role (ARCHER c.s. 
1 963, 1 964b) . Later on CooPER c.s. ( 1 965) and PETERSON c.s. ( 1965) 
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added the tonsils as possible candidates and more recently CooPER 
c.s. ( 1 966a, 1 968) and PEREY c.s. ( 1 968) ventured the hypothesis 
that in rabbits 'gut-associated lymphoid tissue' as a whole (tonsils, 
Peyer's patches, appendix, sacculus rotundus and solitary lymphoid 
follicles) represented the equivalent of the avian bursa Fabricii. 
FICHTELIUS ( 1968a, b) speculated on the possible role of the whole 
gut-epithelium with the lymphocytes contained in it as the basic 
functional entity of the mammalian bursa equivalent. 
Quite a different source has been demonstrated for non-thymus­
derived lymphoid cells by BALNER and DERSJANT ( 1 964) . In lethally 
X-irradiated mice after 3H-thymidine labeled bone-marrow cells 
had been given these investigators observed beginning follicular 
repair on the 8th day after irradiation both in thymectomized and 
in normal recipients : clusters of lymphoid (?) cells reappeared in 
the lymph node cortex and these cells had the 3H-thymidine label 
designating them as bone-marrow derived elements. Logically the 
question arises whether this phenomenon may be related to the 
already mentioned (see 'Lymphoid Cell Traffic', p. 5) finding by 
Ford c.s. of bone-marrow derived peripheral lymphoid cells and 
the observation by Bos of specifically follicle-repleting lympho­
cytes. To this the more recent findings of MILLER and MITCHELL 
( 1968, 1969b),  and NossAL c.s. ( 1968c) may be added, who dem­
onstrated that in mice the antibody forming cell precursors are 
bone-marrow derived. These cells are present in neonatally thymec­
tomized animals but in the case of the anti-SRBC hemolysin 
response an interaction of the antigen with thymus-derived antigen 
recognizing cells (MITCHELL and MILLER 1 968, MILLER and 
MITCHELL 1969b) was needed for their induction to antibody 
formation. The problem ofrelatingthese various findings, and partic­
ularly the histological identification of these bone-marrow derived 
lymphocytic cells will be further discussed in the section on ir­
radiation and the immune response (p. 1 6) .  
THE FATE OF THYMUS-DERIVED CELLS IN THE PERIPHERAL LYMPHOID 
TISSUE. 
IMMUNOLOGICAL COMPETENCE OF THYMOCYTES. 
The problem of the thymus contributing small lymphocytes to 
peripheral lymphoid tissue was raised in the section on thymectomy. 
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In various thymectomy experiments lymphocyte depletion was ob­
served in well defined areas of lymph nodes and spleen. By these 
negative features PARROTT c.s. named these regions thymus de­
pendent areas (TDA) . These latter authors, however, also pro­
vided some positive indications that thymocytes might populate 
these areas. Following administration of in vitro labeled thymus 
cell suspensions to normal and thymectomized mice, labeled lym­
phocytes were observed in the TDA's of the spleen and - though 
in small numbers - in those of the lymph nodes (PARROTT c.s. 
1 966; PARROTT and DE SousA 1966, 1967, 1 969) . However, lym­
phocytes from spleen or lymph node cell suspensions homed in these 
areas in conspicuously larger numbers. Similar observations have 
been made by GoLDSCHNEIDER and McGREGOR ( 1 968) in rats. 
Moreover, these authors confirmed, what already might have been 
inferred from the observations of GowANS and KNIGHT ( 1964) , viz. 
that thoracic duct cells had the same homing characteristics, i .e. 
these cells populated the TDA's of lymph nodes. 
Definite proof of the efflux of lymphocytes from the thymus into 
lymph nodes and spleen has been provided by WEISSMAN (1967) 
both in neonatal and in adult rats. Following intra thymic adminis­
tration of 3H-thymidine or 3H-adenosine, labeled medium-sized 
and small lymphocytes appeared in 24 hrs. in circumscript regions 
oflymph node cortex and splenic white pulp which corresponded to 
the TDA's. Now logically two questions arise: to what extent do 
these cells contribute to the pool of long-lived, recirculating small 
lymphocytes which seem to represent the normal population of the 
TDA's (i) and what is the immunological competence of these 
thymocytes (ii) . lt may be reminded that following neonatal thymec­
tomy in mice and rats the lymphocyte depletion of the TDA's 
is reflected in the exhaustion of the recirculating lymphocyte pool 
as shown by an extremely low thoracic duct lymphocyte output 
(SCHOOLEY and KELLY 1964, MILLER c.s. 1 967a) . 
As mentioned earlier (p. 5) GowANS c.s. ( 1 962a, b, c, 1963) 
and GowANS and McGREGOR ( 1965) demonstrated that thoracic 
duct cell suspensions contained immunologically competent cells. 
Rat thoracic duct cells intravenously administered to irradiated 
mice caused a graft-versus-host reaction in the recipients with large 
basophilic blasts appearing in the splenic white pulp. By using in 
vitro 3H-adenosine labeled thoracic duct small lymphocytes it was 
1 3  
shown that the immunoblasts originated from donor small lym­
phocytes. These results were confirmed by PoRTER and CooPER 
( 1962) under comparable experimental conditions. FoRo, GowANS 
and McGuLLAGH ( 1966b) extended these experiments and very 
elegantly proved the splenic blast reaction of the recipients to be a 
specific cellular immune reaction with small lymphocytes as the 
end-cells. Irradiated mice again received rat thoracic duct cells 
and between 24-54 hrs. afterwards the recipients were given three 
doses of 3H-thymidine. Two hours later the label had been taken 
up by most of the large basophilic blast cells in the spleen but no 
labeled lymphocytes were found. Cell suspensions of these spleens 
were then reinjected into donor-strain rats which had been subjected 
to thoracic duct drainage for 24 hrs. When the drainage of the 
thoracic duct was continued for another 48 hrs. labeled large, 
medium-sized and small lymphocytes were recovered, the latter 
representing the end-cells of the graft-versus-host reaction. Under 
similar experimental conditions MILLER and MITCHELL ( l 969a) 
recently proved that both thymus and thoracic duct cells after inter­
acting with an antigen such as SRBC in mice could give rise, 
through large pyroninophilic cells as intermediaries, to a progeny of 
recirculating small lymphocytes. From these experiments it can be 
concluded that the pool oflong-lived recirculating small lymphocy­
tes- as represented by thoracic duct cells - not only contains virgin 
immunologically competent cells for a specific cellular immune 
response and 'antigen reactive cells' for a thymus dependent anti­
body response, but also contains the committed end-cells of a 
specific cellular reaction and the distant progeny of thymus lym­
phocytes which had interacted with various 'thymus dependent 
antigens' in the lymphoid tissue. It should be emphasized that it is 
not known whether virgin immunologically competent cells for a 
specific cellular reaction and 'antigen reactive cells' for a thymus 
dependent antibody response are identical or different kinds of 
(thymus-derived) thoracic duct lymphocytes, nor whether both 
kinds of 'end-cells' are the same type of lymphocyte. As far as the 
'committed end-cells' are concerned, their presence in the thoracic 
duct lymph has been demonstrated long ago by WESSLEN ( 1952) who 
transferred passively tuberculin hypersensitivity with viable thoracic 
duct lymphocytes. 
Lymphocytes having immunocompetence as regards a graft-ver-
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sus-host reaction arf' not only present in thoracic duct lymph. 
Spleen and lymph node cell suspensions when administered to im­
munologically unresponsive but histo-incompatible recipients (new 
born, irradiated or F1-hybrids) equally induce a graft-versus-host 
reaction (a.o. CoLE and ELLIS, 1958; BILLINGHAM c.s. 1 962) . A 
graft-versus-host reaction is, however, not found if cell suspensions 
from neonatally thymectomized animals are used (DALMAsso c.s. 
1962 ; YUNIS c.s. 1 964; MILLER 1965a, b, 1967a) , which suggests 
that the immunologically competent cells present in thoracic duct 
and in spleen or lymph node cell suspensions might be thymus de­
rived lymphocytes. Now in view of the fact that the thymus itself 
does not receive cells from the recirculating pool (GowANS and 
KNIGHT 1 964) and immune responses do not occur in this organ 
under normal conditions (after i.v. antigenic challenge) the crucial 
question seems to be: does the lymphocyte population present in the 
thymus itself have immunological competence? Available experi­
mental data suggest a rather poor immunological potential of 
thymus cell suspensions. Thymus cell suspensions caused only mod­
erate graft-versus-host reactions in mice unless given in very large 
numbers (BILLINGHAM c.s. 1 962 ; CoHEN c.s. 1 963) . Fifty times as 
many isologous thymus cells are needed in comparison with thoracic 
duct or lymph node cells to restore the immunological potential of 
neonatally thymectomized mice (MITCHELL and MILLER 1 968) . On 
the other hand CHAIN c.s. ( 1968) found a graft-versus-host reaction 
(splenomegaly) in chick embryo's following the introduction of both 
homologous spleen cells and thymus cells (but not bursa Fabricii 
cells ! ) . 
The most plausible explanation of the rather poor immunological 
competence of thymus cells is that in the thymus th·::: majority of the 
thymocytes present are immunologically immature, and upon at­
taining full maturity leave th'! organ within a short time. In some 
animal species this seems to happen already during late fetal life !  
Though all above mentioned data clearly suggest that thymocy­
tes - possibly the mature ones only - in fact are the immunologically 
competent cells for the specific cellular immune responses and in 
addition constitute an essential link in the induction of antibody re­
sponses towards certain antigens in certain animal species, we do not 
know of any experiments unequivolcaly proving the immunological 
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competence of thymus derived lymphocytes as such. The basic ex­
perimental system used in the present investigation to obtain isolated 
specific cellular immune responses - 3 x repeated sublethal total 
body X-irradiation with the thymus shielded (see chapter IV) -
would seem to provide definite proof of thymocyte immunocom­
petence as regards specific cellular immune responses. 
IRRADIATION AND THE IMMUNE RESPONSE. 
EFFECTS OF X-IRRADIATION ON THE HISTOPHYSIOLOGY OF LYMPHOID 
TISSUE. 
Since the discovery by REINEKE ( 1 905) of the particular radio­
sensitivity of lymphoid tissue, ionizing irradiation has been used as 
an experimental tool in the investigation of lymphoid tissue histo­
physiology and immunophysiology. Inhibition and disturbance of 
mitosis is the main and almost universal effect of ionizing radiation 
in living cells; consequently radiosensitivity of a tissue usually is 
determined primarily by the mitotic rate of its cells. Moreover, 
lymphoid tissue is affected by ionizing irradiation in still another, and 
rather specific way, viz. by interphase death of small lymphocytes. 
The mechanism of this interphase killing of lymphocytes is com­
pletely unknown. An irradiation dose of 800-900 rads which as a 
total body irradiation is lethal within some 1 0  days in most mam­
mals, destroys nearly all lymphocytes of the blood and lymphoid 
tissues including the thymus within 8-1 2  hrs. At this radiation level 
plasmacells - both mature and immature - are radioresistant as far 
as interphase death is concerned; they are subject to a dose­
dependent mitotic inhibition, however, like all other tissue cells. 
At lower radiation doses some sort of differential radiosensitivity 
of lymphocytes has been found, which would seem not to be simply 
a statistical dose-response effect. In rabbits sublethal ( 450-500 
rads) total body X-irradiation completely destroyed the lympho­
cytes of primary and secondary follicles in lymph nodes, spleen etc. 
and those of the thymus cortex (DE BRUYN 1948a, b; MuRRAY 
1 948a, b ) .  Moreover, all lymphocytes of the lymph node outer 
cortex and the marginal zone cells of lymph nodes, spleen and 
other lymphoid organs, were totally destroyed (vAN BucHEM 1 962 ; 
KEUNING c.s. 1 963; Bos 1967) . However, part of the lymphocyte 
population of the paracortical areas in the lymph nodes, the peri-
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arteriolar lymphocyte sheaths in the spleen and the medulla of the 
thymus survived. Consequently par tof the lymphocytes populating 
the TDA's of peripheral lymphoid organs may survive irradiation, 
their percentage depending on the irradiation dose used. 
Many investigators (a.o. BENJAMIN and SLuKA 1908; TALIAFERRO 
C.S. 195 1 ,  1956, 1 964; GENGOZIAN and MAKINODAN 1958 ; MAKINO­
DAN and GENGOZIAN 1958a, b) have described the suppressive 
effects of X-irradiation on the immune response. During the last 
decade these effects have been extensively analyzed in relation to 
lymphoid tissue damage. Following sublethal total body irradiation 
(450 rads) in rabbits the capacity to give a primary antibody re­
sponse - histologically represented by plasmacell and germinal 
center reaction - against Salmonella Java flagellar antigen was 
shown to be lost within 24 hrs. (KEUNING c.s. 1 964) ; it reappeared 
by the 7th day post-irradiation. This loss of antibody responsiveness 
histologically coincided with the destruction of follicular lympho­
cytes and marginal zone cells; its reappearance coincided with 
reappearance of marginal zone cells in splenic white pulp and 
lymph node outer cortex. It was tentatively concluded that primary 
antibody responsiveness was causally related to the presence of 
marginal zone cells in peripheral lymphoid tissue. On the other 
hand a similar loss of immunological responsiveness has not been 
observed for specific cellular responses at sublethal irradiation levels. 
Following sublethal irradiation delayed type sensitization could be 
obtained in rabbits towards diphteria toxoid and ovalbumin (UHR 
and ScHARFF 1960) and in guinea pigs towards DNCB (SALVIN 
and SMITH 1959 ; ScHIPIOR and MAQ.UIRE 1 966; TuRK and OoRT 
1 969b) during the period of suppression of the antibody response. 
The same holds for the skin allograft reaction as first shown by 
MICKLEM and BROWN ( 196 1 ;  see also MICKLEM and BROWN 1967;  
MICKLEM and STAINES 1 969) and later confirmed by VAN DER SLIKKE 
and KEUNING ( 1 964) . The histological analysis of these latter authors 
revealed strong immunoblast reactions, corresponding to those 
described by ScoTHORNE and McGREGOR ( 1955) in normal animals, 
in the paracortical areas (TDA's) of the regional lymph nodes. 
These immunoblasts appeared during the period of antibody un­
responsiveness and in the absence of marginal zone cells and lym­
phoid follicles (KEUNING 1965) . In these TDA's of the regional 
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lymph nodes not only part of the lymphocyte population was found 
to have survived irradiation as mentioned above but the graft 
stimulus seemed to cause an accumulation of lymphocytes, pre­
sumably from the surviving part of the lymphocyte pool populating 
the TDA's all over the lymphoid tissue by way of recirculation. 
TuRK and OoRT ( 1969b) similarly reported immunoblast re­
actions in the paracortical areas of regional nodes in irradiated 
guinea pigs following DNCB application. 
Higher doses of radiation (800 rads) , on the other hand, were 
found to suppress temporarily both types of immune response in 
rabbits (UHR and ScHARFF 1960) . The same effect could be ob­
tained by VAN DER SLIKKE and KEUNING ( 1964) , equally in rabbits, 
by 3 or 4 times repeated sublethal total body irradiation ( ±  400 
rads) at intervals of 7 days. Histologically the whole lymphocyte 
population of the lymphoid tissue had been temporarily eradicated 
by this schedule of irradiations. 
From these data it is clear that in rabbits sublethal X-irradiation 
(450 rads) may, for a limited period oftime, dissociate the two main 
components of the immunological response of the lymphoid tissue : 
the primary antibody response with its substrate of plasmacell and 
germinal center reaction was made impossible for some 7 days, 
and the specific cellular immune response (allograft reaction and 
delayed-type sensitization) with its characteristic TDA-bound im­
munoblast reaction was usually undisturbed. 
In this laboratory irradiation experiments were then extended into 
three directions. First, as has been mentioned before (p. 6) , Bas 
( 1967) using local irradiation ( 750 rads) of a lymph node in rabbits 
demonstrated that the complete destruction of lymphoid cells 
brought about in that node by such treatment within about 8 hrs., 
was overcome by an influx ofblood-borne lymphocytes within 12-24 
hrs. This influx appeared to encompass two distinct loci of immi­
gration: a gradual (?) repopulation of the paracortical areas 
starting around the epitheloid venules presumably by cells of the 
long-lived recirculating type and a massive repletion of the follicles 
by a separate class of lymphocytes. The lymphocytes involved in 
these two processes seemed to be morphologically distinct also : 
the follicle-repleting cells having more compact, dark staining nuclei 
and less cytoplasm than those repopulating the paracortical areas. 
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To investigate the fate of these follicle-repleting lymphocytes any 
further influx of blood lymphocytes was stopped 24 hrs. after the 
local irradiation of the lymph node by a total body irradiation 
(450 rads) with the previously irradiated node shielded. The follicle 
repleting lymphocytes which had immigrated during the 24 hrs. 
period between local and total body irradiation were then seen to 
transform into characteristic marginal zone cells forming outer 
cortical anvil-like zones over the follicles. Immunologically the 
24 hrs. lasting influx into the locally irradiated lymph node was 
found to have restored the antibody forming capacity to Salmonella 
Java flagellar antigen in that node within 48 hrs. with plasmacell 
formation and germinal center reactions as the morphological sub­
strate. Similar results were obtained with local irradiation of the 
spleen (KEUNING and Bos 1967) . These experiments again suggested 
a correlation between restoration of antibody forming capacity and 
reappearance of marginal zone cells. 
Secondly rabbits were subjected to total body irradiation with 
the thymus shielded (Bos 1967) . A selective lymphocyte repletion 
of the paracortical areas (TDA's) in the lymph node was obtained 
within 2-3 days. No follicle-repleting lymphocytes were observed ; 
immunologically, the antibody responsiveness was only restored by 
the 7th day when marginal zone cells had again reappeared, like 
in total body irradiated animals. These experiments strongly sug­
gested that the follicle repleting cells constitute a non-thymus 
derived class of lymphocytes functionally associated with antibody 
formation and follicular center reactions. 
Lastly KEUNING and VAN DEN BROEK ( 1 968) combined three 
sublethal total body X-irradiations ( 450 rads each at 1 4  days' in­
tervals) with radiological or surgical thymectomy. Again each ir­
radiation completely destroyed all follicular lymphocytes and mar­
ginal zone cells, and in some 7 days aggregates of marginal zone 
cells reappeared representing regenerating follicular entities. How­
ever, the lymphocyte population of paracortical areas (lymph 
nodes) and the periarteriolar lymphocyte sheaths (spleen) were 
progressively reduced by each subsequent irradiation so as to leave 
respective regions (TDA's) completely devoid of lymphocytes 
after the third irradiation. In the next few weeks the lymph node outer 
cortex regenerated to apparently normal histology, whereas the 
paracortical areas though maintained as structural entities for as 
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long as 1 50 days remained depleted of lymphocytes. Similarly in 
the spleen apparently normal follicles were found by the 4-8th 
week with periarteriolar lymphocyte sheaths without any lym­
phocytes. As has been mentioned earlier (p. 8) immunologically 
these animals had not rejected skin allografts for observation periods 
as long as 80-1 50 days. On the other hand primary antibody re­
sponses to Salmonella Java flagellar antigen were usually normal 
and so was priming as evidenced by secondary antibody responses 
elicited some 6 weeks later. 
These experiments together point to the existence of at least two 
lymphoid cell systems : the one represented by (a class of) long-lived, 
recirculating lymphocytes populating the so-called thymus de­
pendent areas of peripheral lymphoid organs and containing a.o. 
thymus-derived cells ; the other having as its primary representative 
blood lymphocytes which specifically populate lymphoid follicles 
and at least in part transform into characteristic marginal zone 
cells. The first system contains the virgin immunocompetent cells 
for specific cellular immune responses and the 'antigen reactive 
cells' for thymus-dependent antibody responses. The second system 
appears to be associated with all antibody responses and follicular 
center reactions. At least part of these blood lymphocytes would 
seem to correspond to the bone-marrow derived lymphoid cells 
found by BALNER and DERSJANT ( 1 964 - see p. 12)  to initiate post­
irradiation follicular regeneration independently of the thymus. 
Recently MITCHELL and MILLER ( 1968 - see p. 1 2) demonstrated 
that antibody forming cell precursors - even in thymus-dependent 
antibody responses like the anti-SR.BC response in mice -
are bone-marrow derived. This raises the question whether these 
latter cells might be identifiable as follicle repleting, marginal zone 
cell generating lymphocytes (see : NIEUWENHUIS c .s .  1 970) . 
THE IMMUNE RESPONSES IN THE LYMPH NODE: PLASMA CELL REACTION, 
GERMINAL CENTER REACTION AND SPECIFIC CELLULAR REACTION. 
Within certain limits the route of administration of an antigen 
determines which of the lymphoid organs will be the site of the 
ensuing immune response. Intravenous injection of a corpuscular 
antigen (heterologous erythrocytes, bacteria and viruses) has been 
shown primarily - or even exclusively - to induce an antibody 
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response in the spleen; in the case of soluble or even small-particu­
late antigens the other lymphoid organs may become 'secondarily' 
involved as the antigen is distributed more generally. Following 
subcutaneous, intracutaneous or intramuscular administration of 
an antigen the immune response is primarily localized in the regional 
lymph nodes (a.o. McMASTER and HuDACK 1935;  EHRICH and 
HARRIS 1942 ; THORBECKE 1954; THORBECKE and KEUNING 1956; 
AMANO 1958, 1962 ; MASUDA 1965; HANAOKA 1966; NIEUWENHUIS 
and KEUNING 1967) from which it may or may not spread to other 
lymph nodes and/or to the spleen. Allograft responses (GALLONE 
c.s. 1 952; ScoTHORNE and McGREGOR 1955; MICKLEM and BRowN 
196 1 ,  1967 ;  BINET c.s. 1 96 1 ;  BuRwELL 1962;  ANDRE c.s. 1 962; 
VAN DER SLIKKE and KEUNING 1964; see also KEUNING 1965) and 
delayed type sensitization responses (LANDSTEINER and CHASE 1939; 
FREY and WENK 1 957 ;  MACHER 1 96 1 ,  1962a, b ;  TuRK and STONE 
1963 ; OoRT and TuRKl 965) have been shown to take place -
as might be expected- in the lymph nodes regional to and drain­
ing the grafting or application site. 
Histology 
One of the first histological changes to be seen in an immuno­
logically responding lymph node is the appearance of large pyroni­
nophilic (basophilic) cells. Originally these 'immunoblast re­
actions' have often been interpreted as plasmacell reactions, i.e. 
as the antigen-induced generating of antibody synthesizing plasma­
cells (see : VAN BucHEM 1 962) . Later on specific cellular immune 
reactions have been distinguished from plasmacell reactions as a 
separate process in which immunoblasts develop into lympho­
cytic cells (GowANS c.s. 1 962a, b, c; TuRK and STONE 1963 ; OoRT 
and TuRK 1965; TuRK 1 967b) . 
Histologically these two components of the immune response 
proved to be difficult to be distinguished from one another. The 
third process to be recognized as an antigen-induced immunoblast 
reaction was the follicular center reaction leading to the well 
known 'germinal centers' (LANGEVOORT c.s. 1 96 1 ;  VAN BucHEM 
1962; LANGEVOORT 1 963 ; THORBECKE c.s. 1 964) . Up till now there 
has been much discussion and controversy regarding the start and 
course of these three reactions, their cells of origin and their exact 
functional significance. 
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LEnuc c.s. ( 1955) using the newly introduced fluorescent antibody 
tracing technique, observed the first large antibody-containing im­
mature plasmacell at the cortico-medullary border of the regional 
lymph node in rabbits 4 days following subcutaneous administration 
of antigens. Two days later their number had increased and in ad­
dition mature fluorescent plasmacells were seen accumulating in the 
medullary cords, which histologically are a well-known locali­
zation of mature plasmacells. Later on investigators (WHITE 1 960; 
OoRT and TuRK 1965; PARROTT and DESousA 1 966) largely con­
firmed the view that the cortico-medullary border-zone constituted 
the starting site of the plasmacell reaction. 
VAN BucHEM ( 1 962) , using Salmonella Java vaccine in rabbits, 
observed the first pyroninophilic immunoblasts - which he prob­
ably correctly interpreted as plasmablasts - in the lymph node 
cortex around and at the bases of the follicles about 24 hrs. after 
antigen administration. Depending on the width of the cortex prop­
er in various parts of the node this may be either fairly close to 
the cortico-medullary border or separated rather far from the me­
dulla by the paracortical areas. During the following 2-3 days the 
still immature plasmacells actively multiplied and moved in large 
numbers through the cortex and paracortical areas towards the 
medulla. By the 5th day mature plasmacells were seen both in 
medullary sinuses and in the medullary cords which van Buchem 
assumed to originate from the paracortical areas by a process of 
partial dissolution. Bos ( 1 967) confirming and extending the ob­
servations of van Buchem but for this latter point, suggested a move­
ment of the maturing p1asmacells through the paracortica1 areas 
directly into the adjacent medullary cords. Moreover, he emphasized 
that the first plasmablasts in fact appeared in the outer cortex 
proper, in close spatial relationship with the marginal zone cells 
present in the outermost cortical cell layers bordering the sub­
capsular sinus. Using horse gamma globulin as the antigen VAN 
BucHEM ( 1 962) observed the first 'plasmablasts' arising in a quite 
different localization viz. in small groups spread throughout the 
paracortical areas. Here they appeared about 2 X 24 hrs. following 
antigen administration. The supposed plasmacell character of these 
immunoblasts, however, may be questioned in view of the following 
observations. 
The immune response induced in the regional lymph node by a 
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skin allograft as described by ScoTHORNE and McGREGOR ( 1955) 
in rabbits was similarly characterized by a vigorous immunoblast 
reaction, though of a rather complicated nature. In sublethally ir­
radiated rabbits which temporarily ( ± 7 days) lack antibody forming 
potential (see p. 1 7) skin allografts are rejected in a normal way. 
The remaining component of the allograft response, obviously 
responsible for the rejection, was histologically an immunoblast 
reaction localized in the paracortical areas and starting about 48 hrs. 
after grafting (MICKLEM and BROWN 1 96 1 ,  1 967 ;  VAN DER SLIKKE 
and KEUNING 1 964; KEUNING 1 965) . GowANS c.s. ( 1 962c) dem­
onstrated that the allograft response in the draining lymph node 
gave rise to lymphocytes in stead of plasmacells. The experimental 
evidence obtained was considered to support the hypothesis that 
these lymphocytes represented the immunologically committed 
cells which mediate anti-allograft specificity. Consequently the im­
munoblast reaction from which these lymphocytes originated would 
represent a specific cellular immune response. The allograft­
induced immune response leading to the production of small lym­
phocytes was confirmed by PRENDERGAST ( 1 964) . Similarly TuRK 
and STONE ( 1 963) and OoRT and TuRK ( 1 965) , investigating the 
delayed type sensitization response towards the contact sensitizer 
oxazolone in guinea pigs, demonstrated that the major immuno­
blast reaction occurs in the paracortical areas. As in the allograft 
response, these immunoblasts by 3H-thymidine labeling were shown 
to give rise to small lymphocytes : 24 hrs. after the label had been 
taken up by large pyroninophilic immunoblasts the majority of tht 
labeled cells were small lymphocytes, the grain counts of which sug­
gested that only one or two mitoses had occurred since 3H-thymidine 
uptake. 
The third type immunoblast reaction, the follicular center re­
action, starts at a remarkable fixed moment, viz. 3!--4 days following 
antigen administration (LANGEVOORT c.s. 1 96 1 ,  VAN BucHEM 1962} ,  
with the rather sudden appearance o f  compact masses of large py­
roninophilic immunoblasts in the center of primary and secondary 
follicles. Within 24 hrs. the immunoblastic follicular center changes 
its appearance into the well known 'germinal' center characterized 
by moderate numbers of blastcells, a majority of medium-sized 
lymphoid cells - both of them showing numerous mitoses - and the 
typical 'tingibele Korper' - macrophages that have ingested nuclear 
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debris. After 2-4 weeks the germinal center act1v1ty decreases 
leaving the major part of the follicular center as an indifferent 
'lightly populated area' (HANNA 1965) without any activity and 
a basal, crescentic 'densely populated area' with weak proliferative 
activity. Together these areas represent the typical secondary 
follicle. Histophysiologically the follicular center reaction appears 
to be coupled to the antibody response rather than to graft rejec­
tion, delayed-type sensitization or generally specific cellular re­
actions. Regarding its possible role the experimental data are rather 
confusing. The undoubted presence of antibody in germinal centers 
at first suggested a direct role in antibody production itself (WHITE 
1960) but the observation of apparently normal antibody responses 
in the absence of germinal centers (KEUNING c.s. 1 963; DIENER and 
NossAL 1966) has cast serious doubt on this hypothesis. The pro­
duction of immunologically competent cells for the antibody re­
sponse has been suggested by WHITE ( 1963) and HANNA ( 1 965) as 
a function of the germinal center, but again the providing of the 
precursors would not seem to depend on mitotic activity or even 
presence of germinal centers (Bos 1 967) . The third, and possebly 
the most promising, hypothesis is that of germinal centers (reactions) 
producing 'memory-cells' , i.e. secondary response antibody forming 
cell precursors as proposed by THORBECKE c.s. ( 1964, 1967, 1969) 
and WAKEFIELD c.s. ( 1 968a, b) . Recent experiments by Nieuwen­
huis in this laboratory (to be published) support this hypothesis. 
In the present investigation the germinal center reaction has been 
left out of consideration except for incidental observations with 
respect to its occurrence in certain experimental situations. 
It has been pointed out by TuRK and HEATHER ( 1 965 ; see also 
W.H.O. Technical Report Series Nr. 423 . Cell Mediated Immune 
Responses, 1969) that the immune response as induced by the 
majority of antigens encompasses both an antibody forming plasma­
cell reaction and a specific cellular (lymphocytic) reaction. This 
concept might be extended in the sense that most antigens in fact 
induce all three reactions, which consequently may be considered 
true components of any immune response, though in a widely vary­
ing ratio. Regarding histological recognition the follicular center 
reaction stands out clearly by virtue of its strict intrafollicular lo­
calization. As far as the plasmacell and specific cellular reaction 
are concerned, these two processes will undoubtedly dynamically 
24 
intermingle. According to the hypothesis of van Buchem and Bos 
the immature plasmacells moving from the outer cortex towards 
the medulla may pass through the paracortical areas, where at 
the same time a specific cellular immunoblast reaction may be 
localized. Consequently any histological or electron-microscopical 
analysis of processes observed in an immunologically responding 
lymph node is limited by the possibility of either distinguishing or 
separating the different components of the immune response. In 
this way the thymectomy experiments discussed on p. 8 constitute 
ideal experimental systems for studying the start and course of the 
plasmacell reaction. Under appropriate conditions thymectomy 
may cause total lymphocyte depletion of the paracortical areas 
and abolish all - presumably specific cellular - immunoblast re­
actions in these areas towards skin allografts and chemical sen­
sitizers while leaving the antibody responses towards a number of 
antigens (pneumococcal polysaccharide, ferritin and Salmonella) 
unaffected. PARROTT and DESousA ( 1 966} apparently noticed plas­
macell reactions in lymph nodes of neonatally thymectomized mice 
following subcutaneous administration of pneumococcal poly­
saccharide. Without giving much histological detail these authors 
conclude that p1asmacell formation occurs in the medullary cords. 
In thymectomized and irradiated ( ±850 rads} mice DuKoR and 
DIETRICH ( 1967) following subcutaneous administration of PHA 
(phytohemagglutinin) and DAVIES c.s. ( 1 969) following subcutaneous 
injection of SRBC (sheep red blood cells) did not observe any immu­
noblast reaction in the cortex of regional lymph nodes. In the latter 
experiments, however, SRBC were found to elicit a follicular 
center reaction. The failure of these antigens to induce appro­
priate plasmacell reactions obviously signifies the thymus-depen­
dent nature of the respective antibody responses as mentioned 
earlier for SRBC in mice (p .  12 ) .  It is quite interesting that this 
thymus-dependency apparently does not obtain for the SRBC 
follicular center reaction in mice. 24 Hrs. following PHA adminis­
tration to normal mice DuKoR and DIETRICH ( ibid.} observed small 
clusters of large pyroninophilic cells appearing on the borderline 
between outer cortex and paracortical areas and (later on) in the 
paracortical areas. Pn:sumably this observation is similar to the 
finding by VAN BucHEM ( 1962) that HGG immunoblast responses 
in rabbits were localized in the paracortical areas in contrast to the 
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outer cortical localization of the anti-Salmonella immune response. 
These PHA (DuKOR and DIETRICH) and HGG (vAN BucHEM) 
first stage immunoblast responses might possibly not represent 
plasmacell reactions at all but in fact correspond to the mitotic 
response of thymus-derived cells described by DAVIES c.s. ( 1 966) 
and CARTER c.s. ( 1969) . Presumably this response represents an im­
munoblast reaction of antigen reactive cells associated with the 
initiation of the plasmacell reaction i.e. the transformation of bone­
marrow derived precursor cells. 
SubiDicroscopic cytology 
The problems in analyzing tissue and cell structure caused by the 
intermingling of the complex immunoblast reactions in the un­
manipulated immune response arise even more urgently with respect 
to electron microscopical analyses. The electron microscope itself 
presents still another difficulty: it is impossible to investigate with 
the instrument sections of whole lymphoid organs or even large 
parts of them. Thus a preparative technique is needed which will 
allow us to define exactly the localization of any cells observed. 
Electron microscopical observations which do not fulfill these con­
ditions may easily lead to serious misinterpretations. BINET c.s. 
( 196 1 ; cf. also BINET and MATHE 1962) and BuRWELL ( 1 962) 
studying lymph node responses to skin allografts 1 were the first to 
describe large immunoblasts (BINET and MATHE: 'histiocytes') , 
which lacked a rough surfaced endoplasmic reticulum but contained 
large numbers of free ribosomes and a well developed Golgi 
apparatus. The authors considered this type of cell characteristic 
for the allograft response. In the transplantation response ANDRE­
SCHWARZ ( 1 964) on the other hand described 4 types of immuno­
blasts of varying size and with varying quantities of endoplasmic 
reticulum. In view of the arguments given above it will be clear 
that the role and nature of these various immunoblasts in the 
immune responses could not be deduced from the observations. 
During the allograft response SIMAR c.s. ( 1 967b) observed im­
munoblasts, localized in the lymph node cortex, which they sup­
posed to develop into mature plasmacells following graft rejection. 
DEPETRIS, KARLSBAD, PERNIS and TuRK ( 1966) selected for their 
electron microscopical studies an immune response - the delayed 
1 BuRWELL: allografts of fresh cancellous bone. 
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type sensitization response against 'oxazolone' in the guinea pig -
which they supposed to be a rather pure SCR, i.e. lacking any 
plasmacell reaction. Though this assumption proved incorrect 
(WILSON and TuRK 1967) they probably correctly described the 
immunoblasts as representing the specific cellular d.t.-sensitization 
response: a large cell with a round to oval nucleus with one or two 
distinct nucleoli and a thin layer of chromatin along the nuclear 
envelope and a cytoplasm containing clusters of 3-8 ribosomes, a 
minimal quantity of endoplasmic reticulum, a well developed 
Golgi apparatus and somewhat swollen mitochondria. The ultimate 
conclusion of these authors rather surprisingly, is that . . .  'Electron 
microscopic studies therefore support the concept that a cell with 
the ultrastructural characteristics of the immunoblast is the common 
precursor of immunologically committed cells, whether small lym­
phocytes or plasma cells . . .  ' ( 1966, p. 1 28) . This conclusion con­
forms with the views expressed earlier by DAMESHEK ( 1963, 1 966) . 
Experimental conditions largely fulfilling the 'localization'­
criterion as mentioned on p. 26 obtained in the investigation by 
MovAT and FERNANDO ( 1 965) . These authors studied the lymph 
node response against ferritin in rabbits and described what they 
supposed to be a plasma cell response. Large immunoblasts, without 
rough surfaced endoplasmic reticulum but with numerous free 
ribosomes, were observed in the outer cortex between the follicles 
during the first 3 days following subcutaneous antigen adminis­
tration. In accordance with VAN BucHEM ( 1 962) the authors 
describe a migration of immature plasmacells, recognizable from 
their increasing quantities of rough endoplasmic reticulum and 
presumably the progeny of the outer cortical immunoblasts, from 
the outer cortex towards the medullary region. The authors give no 
clues as to the cells of origin, from which these immunoblasts 
develop. 
It will be clear that the exact site of initiation of the three com­
ponents of the immune response should be established before elec­
tron microscopical analysis of the induction and transformation 
process is possible or even sensible. The fact that in none of the in­
vestigations mentioned here the complexity of the immune response 
was fully envisaged, and that in some of them the spot to be exam­
ined was not topographically defined, seriously impairs the weight of 
the conclusions drawn. Electron microscopical examination of im-
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munologically insufficiently defined or even 'pathological' lymph 
nodes or other lymphoid tissue without heeding microscopical­
anatomical relationships, has lead to fully unwarranted hypotheses 
concerning the initiation of the immune response (BERNHARD and 
GRANBOULAN 1960; POLICARD 1962; BERNHARD and LEPLUS 1964; 
SIMAR c.s. 1967a, b ) .  
Antigen-cell interaction 
There can be little doubt that the way in which an antigen is 
handled or processed in lymphoid tissue is one of the determining 
factors in the induction of each of the components of the immune 
response. From a histological point of view the question may be 
raised whether the localization of antigen in the lymphoid tissue is 
related to the starting sites of the immune response, viz .  of plasma 
cell reaction, follicular center reaction and specific cellular reaction. 
The histophysiology of the immune response, as described in the 
proceeding sections, clearly suggests the existence of at least three 
starting sites viz. for the plasmacell reaction(s) , follicular center 
reaction and specific cellular reaction(s) respectively, each with a 
sp::cifically different complement of lymphoid and possibly non­
lymphoid cells. The question may be raised whether this pattern 
is also reflected in the distribution and handling of the antigen (in 
the lymphoid tissue) . 
KAPLAN c.s. ( 1 950; see also HILL c.s. 1 950) were the first to point 
out that macrophages are not the only cells that take up antigen. 
Using the fluorescent antibody technique they observed what they 
interpreted to be pinocytotic uptake of pneumococcal polysaccharide 
by small lymphocytes in the outer cortex of the lymph node direct­
ly beneath the subcapmlar sinus. After 1-2 days the localization 
of the antigen was in the follicles. To judge from the figures pre­
sented by these authors this antigen localization might correspond 
to that observed many years later by WHITE ( 1963) in the chicken 
spleen following administration of human serum albumin. The 
description by the latter author, however, would imply quite a 
different process of antigen handling : ' . . .  at 48 hrs. after injection 
antigen was present in or on scattered cells throughout the section. 
The localization of the fluorescence had an unexpected distribution, 
for none appeared to b� related to the macrophages of the sinuses 
or red pulp strands. The antigen was mainly detected in or on rather 
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elongated spindle-shaped cells, which were distributed in the 
white pulp near the margin of the red pulp, and which were 
oriented so as to lie along the line of the main vessels. In places 
within the white pulp, the antigen-containing cells were aggregated 
into small collections of 8-1 0  cells' (p. 1 2-1 3) . These cells at first 
were called dendritic macrophages. After 3-4 days the distribution 
of antigen had changed from a diffuse localization throughout the 
white pulp to a concentration in the primary or secondary follicles, 
presumably again on the surface of dendritic reticular cells. 
NossAL and coworkers ( 1964, 1965, 1966, 1967b, 1968a, b; see 
also ADA c.s. 1 964a, b, 1966, 1967) have extended these studies of 
what they called the 'antigen trapping' in lymph nodes and spleen. 
Following subcutaneous injection of highly 125I- or 131I-labeled 
Salmonella adelaide flagellar antigens - both in the form of mo­
nomeric or polymerized flagellin or as particulate flagella into 
the hind legs of rats the localization of the antigen in the regional 
lymph node was followed. It was found that by far the largest pro­
portion of the antigen was taken up by phagocytic elements in the 
medulla, but a small fraction was localized in a characteristic way 
in the lymphoid tissue proper of the outer cortex. During the first 
4-8 hrs. this smaller part of the antigen was diffusely spread between 
the outer cortical lymphoid cells ; in 24 hrs. it disappeared from 
this localization but now a concentration of antigen was observed 
in the primary and secondary follicles. It was found that this folli­
cular antigen trapping was markedly accelerated and enhanced by 
circulating antibody (passive or active preimmunization) .  Antigen 
distribution in the spleen was investigated following intravenous 
administration (NAOSSL c.s. 1 966) . Again the majority was taken 
up by macrophages, spread throughout the red pulp strands and along 
the sinusoids. As in the lymph node, a small quantity characteristi­
cally localized in the white pulp, first in the marginal zone and 
within 24 hrs. in the follicles proper. As in the case of the experi­
ments ofWhite the impression was gained that this antigen trapping 
was not in but on the surface of a particular type of non-phagocytic 
reticular cells. In the meantime electron microscopical analysis 
of the lymph node by MILANESI ( 1965a, b) and by MARYAMA and 
MASUDA ( 1 965) and of the spleen by SwARTZENDRUBER ( 1 967) 
revealed the presence in lymphoid follicles of a class of dendritic 
reticular cells, characterized by exuberantly branching cytoplasmic 
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processes but without any signs of phagocytic act1v1ty. These 
follicular cells were then shown by MITCHELL and ABBOTT ( 1965) ,  
NosSAL c.s. ( 1968a) and SoRDAT c.s. ( 1 970) - in the lymph node -
and by SzAKAL and HANNA ( 1968) and HANNA c.s. 1 968, 1969) -
in the spleen - to retain antigen at the surface membrane of the 
dendritic projections. Up to the present moment the question has 
remained unsolved whether the antigen is transported from the 
outer cortex or marginal zone towards the follicular center by 
ameboid displacement of dendritic cells (WHITE 1969, HuNTER c.s. 
1969) , whether it percolates through the intercellular spaces between 
the dendritic processes (NossAL 1 967b) , or whether the antigen, 
retained at the membrane surface, is passed from one dendritic cell 
to another during intimate membrane-membrane contacts. The 
process of 'membrane-flow' as described by BENNETT ( 1 956) can 
possibly play an important role in sustaining all above mentioned 
modes of 'antigen-travelling'. 
From the observations mentioned so far it is clear that in addition 
to antigen uptake by medullary macrophages a distinct mechanism 
operates which concentrates antigen in lymphoid follicles, primary 
as well as secondary ones. A characteristic reticular cell - the 
'dendritic cell' - appears to be instrumental in this process. The 
possible role of this mechanism in the induction of the antibody 
response has been discussed by N ossAL ( 196 7b) , who is rather 
sceptical about such a role: ' . . .  Antibody formation can take place 
in species which do not possess a follicle mechanism 1 ( l ) ;  antibody 
appears well before germinal centres appear (2) ; some antigens 
localize minimally in follicles yet cause antibody formation 2 (3) ; 
in the presence of an excess of passive antibody, follicular trapping 
is enhanced yet antibody formation is inhibited ( 4) ; an injection of 
antigen in adjuvants results in diminished follicular localization 
but increased antibody production (5) . .  .' (p. 433-434) . All in all 
the available data unmistakably suggest that follicular trapping of 
antigen is responsible for the induction of the germinal center 
reaction. The only observation which would not seem to fit in 
easily with this hypothesis is that passive antibody -while enhancing 
follicular antigen trapping - inhibits not only primary antibody 
formation but also the germinal center reaction and priming 
1 a.o. toads (DIENER and NossAL 1966) . 
2 a.o. BSA, ferritin and hemocyanin (cf. AoA c.s. 1 964a, b). 
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(MuLDER and HoEKSTRA, unpublished observations) . The first phase 
of the antigen trapping, viz. the diffuse outer cortical localization 
of the antigen producing follicular localization, has not attracted 
much attention sofar. Yet, in view ofplasmacell reactions apparent­
ly being initiated in the outer cortical cell layers, this first phase of 
antigen trapping might represent the antigen localization respon­
sible for the induction of these ( ! )  plasmacell reactions. 
An intriguing aspect of antigen trapping is the fact that it implies 
the ability to recognize foreignness. ADA c.s. ( 1 964a, b) ,  though 
they found that some distinctly immunogenic substances like BSA, 
ferritin and hemocyanin localize rather poorly in follicles, demon­
strated that non-immunogenic material like homologous serum 
albumin, hemoglobin or erythrocytes did not at all. The only 
remarkable exception was 7S-immunoglobulin, both homologous 
and autologous ( !) which did localize in the follicles. Later HuM­
PHREY and FRANK ( 1 967) found that in rabbits made tolerant to 
hemocyanin or human serum albumin, the respective antigen was 
not trapped in the follicles. In normal, non-tolerant animals these 
antigens localized in the follicles only about 4 days following their 
administration, i.e. after specific antibody had been synthesized. 
This result suggested that antibody is responsible for the recognition 
of foreignness in the follicular trapping of these antigens. A different 
situation, however, might obtain in the case of Salmonella flagellar 
antigens which seem to be readily trapped in the absence of antibody, 
though antibody accelerates and enhances the process. Following 
800 rads of total body irradiation in rats WILLIAMS ( l 966a, b) 
observed impaired follicular trapping offlagellin in popliteal lymph 
nodes. After the irradiation the antigen trapping ability decreased 
exponentially with a half value time of 2.8 days. From the 8th 
post-irradiation day the follicular capacity, however, returned to 
normal. Presumably this is the time that the first lymphoid cells 
(marginal zone cells) reappear in the outer cortex and splenic white 
pulp respectively, and the antibody forming potential is restored 
( cf. p. 1 7) .  In addition WILLIAMS ( 1 966a, b) demonstrated that 
follicular antigen trapping was impaired following cannulation of 
the thoracic duct and that it could be restored by reinjecting 
washed autologous thoracic duct cells. 
Taken together these observations may be interpreted as in­
dicating a specific role of these lymphoid cells themselves, even 
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before they are involved in antibody formation, viz. in recogniz­
ing foreignness and thus conferring specificity of antigen trapping 
to the dendritic cell system. 
It may be noted that there is some discrepancy in the damage 
inflicted to the dendritic cells by the irradiation . .J AROSLA w and 
NosSAL ( 1 966) maintain that ' . . .  the web of reticular cell fibrils in 
follicles responsible for antigen trapping . . .  ' (WILLIAMS 1966b, p. 476) 
is relatively radioresistent. Doses of 8,000-1 6,000 rads are needed to 
destroy the dendritic system. NETTESHEIM and HANNA ( 1969) on the 
other hand stated that decreased antigen trapping ability, as brought 
about by 400 rads, in mice is associated with electron-microscopically 
defined destruction of dendritic processes . According to these authors 
restoration of follicular antigen trapping ability was preceded by 
morphological repair of these structures. 
Lastly the elegant experiments of HuNTER c.s. ( 1 969) should be 
mentioned .  Shielding of one spleen-half during total body X-ir­
radiation (600 rads) in rats resulted in decrease of follicular trapping 
for Salmonella typhi antigen in the irradiated part of the spleen, and 
intact trapping in the shielded part. This finding is clearly in­
compatible with the hypothesis that circulating antibody - pos­
sibly produced in the shielded part of the spleen - would confer 
recognition of foreignness on the trapping dendritic cell system. 
The observation is in support of a postulated specific role of the 
lymphoid cells in the antigen trapping mechanism. 
As has been mentioned earlier, only a minor quantity of admin­
istered antigen is trapped by the follicular mechanism even in the 
case of antigens like Salmonella flagellar antigen; the majority 
was always found ingested by macrophages, mainly in the medulla. 
This latter process, moreover, was uneffected by X-irradiation (800 
rads), and it proceeds normally in specifically tolerant animals 
(NossAL c.s. 1 967a, 1968b) . The material ingested could be ob­
served in these cells for several weeks, though the extent to which 
degradation had proceeded could not be established accurately. 
The possible role of this type of macrophage processing in the 
induction of the immune response is hard to evaluate. Various 
investigations have demonstrated that in certain experimental systems 
the induction of an antibody response depends on the intermediary 
role of peritoneal macrophages (a.o. FISHMAN and ADLER 1963 ; 
GALLILY and FELDMAN 1967;  AsKONAS and RHODES 1965) . How-
32 
ever it is difficult to ' translate' these respective experimental systems 
into the terms of organized tissue histophysiology. The localization 
of antigen in medullary macrophages of lymph nodes (or red pulp 
macrophages in the spleen) would not seem to be easily related to 
one of the immune reactions elicited in that node ( the spleen) by 
the antigen. This, however, would not preclude the possibility of 
these lymphoid tissue macrophages playing an essential role in the 
handling of certain antigens, e.g. by concentrating them in an 
intracellular storage compartment. It should be mentioned that 
this type of storage, as defined by the experimental conditions used, 
has been postulated to be a radiosensitive process, like the antigen­
processing in the experiments of GALLILY and FELDMAN ( 1967) . 
So far no particular form of antigen-cell interaction has been sug­
gested, which might be related to specific cellular immune re­
actions, as localized in the paracortical areas, and to the 'thymus­
dependent' forms of antibody production which presumably have 
their own characteristic pattern of plasma cell initiation ( cf. p. 26) . 
Regarding the induction of specific cellular reactions it has been 
repeatedly suggested that the induction process, or rather the ef­
fective contact between antigen and lymphoid cells, would take 
place outside the lymphoid organs at the entrance site of the antigen, 
viz. the graft bed in case of transplantation (MEDAWAR 1 965) and 
the skin in case of contact sensitizers (TuRK 1967d, 1969a, b ;  
MACHER and CHASE 1969a, b) . Upon antigenic contact these lym­
phoid cells would follow the lymph stream and reach the regional 
lymph node where conditions would be favourable for proliferation 
and differentiation into specifically committed end-cells. The only 
real exp::rimental evidence proving the theoretical possibility of 
peripheral induction has been provided by STROBER and GoWANS 
( 1 965) . Perfusion of an allogeneic kidney with blood or thoracic 
duct lymphocytes which were subsequently reinfused into the cell 
donors gave rise to splenic immunoblast reactions in these donors 
and accelerated rejection of skin grafts of kidney specificity. 
From the standard work of LANDSTEINER and CHASE ( 1939) and 
FREY and WENK ( 1 957) it is well known that intact afferent lymph 
vessels are an essential condition for d.t.-sensitization to occur after 
epidermal application of contact sensitizers. The same holds true 
for allograft rejection (BARKER and BILLINGHAM 1968) . This, of 
course, may signify the importance of either antigen itself or antigen 
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stimulated cells being transported from the application site to the 
regional lymph node. Following skin application of radioactive 
DNFB, TuRK ( 1967d) could recover label from the regional lymph 
node within a few hours, and afterwards from the rest of the body 
also. MACHER and CHASE ( 1969a, b) , on the other hand, in com­
parable experimental conditions were able to demonstrate the 
presence oflabel in various places of the body but not in the regional 
lymph node. These latter authors favour the concept of 'peripheral 
sensitization' .  The argument seems to be invalidated by obser­
vations proving that intra-nodal application of contact sensitizers, 
could result in good d.t.-sensitization (SEEBERG 195 1 ) .  By this 
route of antigen administration not only d.t.-sensitization but a 
variety of known cell-mediated immune reactions could be elicited 
like adjuvant arthritis (NEWBOULD 1964) , experimental allergic 
encephalitis (NEWBOULD 1965, HoRNE and WHITE 1 968) and anti­
ovalbumin d.t.-sensitization (HoRNE and WHITE 1968) . All in all 
the above experiments would indicate that specific cellular reac­
tions or cell-mediated sensitivity may be elicited by peripheral, 
extra-nodal antigenic contact of appropriate lymphoid cells (STRO­
BER and GowANS 1 965) , but this type of antigenic contact is not 
required. No information at all is available so far regarding any 
localization of antigen that might be related to the induction process 
of specific cellular immune reactions. Though HuMPHREY ( 1969) cor­
rectly concludes that ' . . .  it is by no means clear at present where ana­
tomically the specific stimulation occurs . .  .' (p. 1 76) his statement 
that ' . . .  the 'thymus-dependent' areas are notably lacking in con­
centrations of antigen' (ibid.) would seem to be an unwarranted 
generalization from observations with certain antigens (like Sal­
monella flagellar antigens) only. Typical contact sensitizers or 
transplantation antigens have not been investigated in this respect. 
The only datum which might possibly prove to be of great sig­
nificance for the way antigen is handled for the initiation of specific 
cellular responses is the well-known fact that intravenous ad­
ministration of antigens or contact sensitizers does not induce d.t.­
sensitization. It may even induce specific d.t.-unresponsiveness 
(TuRK and STONE 1963) . This would seem to suggest that the 
spleen, though containing the same categories of lymphoid cells 
as lymph nodes, lacks the capacity for d.t.-sensitization. We will 
return to this point in chapter VI. 
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It may be concluded that our knowledge both of the starting sites 
of the various immune reactions and of the localization of various 
antigens in connection with the type of immune reactions elicited is 
only fragmentary. The present study, aimed at investigating the 
components of the immune response in an isolated from, may be 
expected to throw some light on the starting sites of these reactions, 




MATERIALS AND METHODS 
A. EXPERIMENTAL ANIMALS 
Young adult rabbits were used which were bred in our own la­
boratory or were obtained from the Centraal Proefdierenbedrijf 
T.N.O. The animals were randomly bred Gold Agouti, Californian 
or Alaska males and females. The irradiations were performed when 
the animals were approximately 4 months old; at this age their 
weight was approximately 3 Kgs. 
B. X-IRRADIATIONS 
All irradiations were done at the Department of Radiopathology 
(Head: Prof. H. B. Lamberts) . A Philips-Muller machine - type 
MG 300 - was used working at 200 kV and 1 5  rnA. The filters were 
0.5 mm Cu and 0.6 mm Al; the resulting radiation had an H.V.L. 
of around 1 .0 mm Cu. For total body irradiations the machine was 
used without a tube; local irradiations were delivered through 
a tube with a target (focus-skin) distance of 40 em and a target 
aperture of 6 X 8 em. 
Local irradiation of the thymus was performed with the rabbit fixed 
on its back. The irradiation was delivered from above with the 
tube aperture carefully positioned on the thymus region: from 
3 em above to 5 em below the clavicle. At the skin surface the ir­
radiation dose was 7 50 rads in air ( 60 rads f min) , resulting in a dose 
of approximately 700 rads in the thymus, scatter included. 
Local irradiation of a popliteal lymph node was performed in the same 
way, with the tube fixed on the popliteal region. The irradiation 
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dose actually adsorbed in the lymph node was estimated to be 
somewhat smaller than in the case of the thymus because of less 
extensive scatter. 
Sublethal total body irradiation with or without thymus shielding 
was given in such a way that the irradiation was delivered as ho­
mogeneously as possible throughout the animal body. The rabbits 
were irradiated in a circular box of p::rforated plywood, diameter 
40 em, width 1 4  em, standing upright, and with an upper and lower 
compartment each of which housing a rabbit. Half of the irradiation 
was given on the right, the other half on the left skin. At a target 
distance of 80 em 225 rads (dose rate 2 1  rads/min) were delivered 
from each side, remlting in an estimated over-all tissue dose of 450 
rads, scatter included. Whenever scheduled the thymus was shielded 
by 6 mm lead plate moulded around the lower neck and upper 
thoracic region; to avoid disturbance of the shielding plates the 
animals were anesthetized during this latter type of irradiation. 
Potentially lethal irradiation with bone marrow shielding was done in 
a similar way with one hind leg shielded by 6 mm lead plate. As 
in this case the popliteal nodes would also be protected these were 
removed surgically 24-48 hrs. before the irradiation or locally ir­
radiated (700 rads) immediately afterwards. Again the radiation 
was delivered from two sides and the total estimated tissue dose was 
increased to 900 rads. In some cases the animals were irradiated 
while spread-out on a dissecting table ; in this case the target distance 
was 1 03 em. After half of the radiation dose was delivered, the 
animal was turned over and the other half was given. 
C. ANTIGENS AND MODES OF ANTIGEN ADMINISTRATION 
Salmonella parat_yphi-B (Java) vaccine was kindly prepared by dr. 
A. Jansz, Regional Public Health Laboratory (Head: dr. R. K. 
Koopmans) . The organisms were so cultured as to have a high con­
tent of the flagellar antigen (H-antigen) ; upon harvesting they 
were killed in formol, washed and diluted to 6 . 1 08 organisms/mi. 
The usual dosis was 0. 1 ml. It may be noted that the vaccme 
contained 0-antigen in addition to the flagellar antigen. 
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Horse gamma globulin (HGG) was obtained from Pentex Inc., 
Kankakee, Ill., U.S.A. (Horse gamma globulins, Fraction II) . 
The dose used was 5 mg, freshly dissolved in I ml sterile saline. 
Horse spleen ferritin (2 X recrystallized) was purchased from 
Nutritional Biochemical Corporation (Cleveland, Ohio, U.S.A.) . 
The dose used was 5 mg in 0.25 ml sterile saline. 
All of these antigens were given subcutaneously either in 
the hind leg around the Achilles tendon, or in the scapular 
region to stimulate the popliteal or axillary lymph node re­
spectively. To check correct choice of axillary nodes 0.5- l .O ml 
of trypanblue I % in saline was occasionally injected into the 
same skin region 2-3 min before lymph node removal; only 
deep-blue nodes were considered appropriate. 
Two chemical sensitizers known to elicit cell-mediated types of 
immunity were used. 
2,4-Dinitrochlorobenz:,ene (DNCB) was obtained from the dispensary 
(Head: Prof. T. Huizinga) of the University Hospital. Approx­
imately 1 . 5  ml of a 50 % (w/v) solution in acetone was painted on a 
previously shaved skin area. 
2-Phenyl-4-ethoxymethylene-5-oxazolone ( oxazolone) was synthesized 
by dr. H. G. Seijen (Dept. ofBiochemistry, Histological Laboratory) ; 
the prescription (BARBER and SLACK I 949) was kindly put at our 
disposal by Prof. J. L. Turk (St. John's Hospital for Diseases of the 
Skin, London E9, England) . A dose of 50 mg dry powder was 
applied to a previously shaved skin area, and dissolved at the ap­
plication site by 2-3 ml of 70 % ethanol. 
The application sites of both DNCB and oxazolone were either 
the skin of the hind leg just above the heel or the right or left 
scapular region, in order to stimulate antigenically either a popliteal 
or an axillary lymph node. The application sites were kept dressed 
during the course of the experiment. At the moment of lymph 
node biopsy the dressing was removed to inspect the application 
site. DNCB was found to cause severe skin lesions ; oxazolone never 
did. In addition DNCB application as described here caused 
sensitization of the investigator; again oxazolone did not. 
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Skin auto- and allografting was done in the right and left scapular 
region and performed according to BILLINGHAM and MEDA wAR 
( 195 1 ) . Round, ful thickness pieces of skin, diameter 1-1 .5 em, 
were cut with a hollow-shaped surgical knife in such a way that 
the subcutaneous vascular network remained undamaged. The 
skin piece taken from the left scapular region was always autologous­
ly grafted to the corresponding graft bed on the right side, and 
served as a control. The left side graft bed was always used for the 
allograft. The grafts were only fixed by dressing with paraffin 
gauze ( 'optule'-OPTEX Ltd. ,  Greenford, Middlesex, England) 
and with elastic bandages around the thorax. 
D. SURGICAL TECHNIQUES 
Surgical operations were routinely performed under aseptic 
conditions and full anesthesia; the animals received 0.3-0.5 ml 
pentobarbital (6 mg % solution) intravenously and 0. 1 ml Vetran­
quil® intramuscularly. Particular care was given not to pinch the 
tissue which was to be histologically examined. 
Popliteal lymph nodes were removed from their surrounding fat 
tissue following a longitudinal, 3 em skin incision over the fossa 
poplitea. 
Axillary lymph nodes were removed in a similar way following an 
incision in the axillary region, i.e. between fore-leg and scapular 
margin. 
Spleen biopsies were done through a median incision in the ab­
dominal wall. The part of the spleen to be removed was ligated and 
so were the blood vessels supplying that part. Following removal of 
the splenic fragment the abdominal wall was sutured in two layers : 
peritoneum and muscular wall, subcutis and skin. 
Thymus removal was done through a median skin incision of 
approx. 4 em over the cranial part of the sternum. Neck- and 
thoracic muscles were cleaved at their insertions into clavicle and 
sternum. Clavicles, first and second ribs, were cut and the cranial 
half of the sternum removed. At this moment artificial respiration 
was begun (B. Braun, Apparate Bau; Melsungen, Germany) . By 
cleaving muscles and fasciae the thymus was brought to view and 
removed by using blunt instruments only. Particular care was given 
to the two small cranial processes of the organ which easily disrupt 
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from the main thymus mass. Inspection of the removed organ 
gave fairly reliable information as to its completeness. In addition 
the thymus region was inspected at autopsy, and histologically ex­
amined whenever possible. 
Following thymectomy the ribs, muscles and fasciae, subcutis and 
skin were separately sutured. 
E. HISTOLOGICAL TECHNIQUES 
Light microscopy. Following their removal the fragments of lym­
phoid tissue were immediately fixed in a mixture of Zenker solution, 
formalin 30 % and trichloroacetic acid 2 % (90 : 5 : 5) for not 
longer than 5 hrs. ( !) under continuous stirring. 
Fixation was followed by a 24 hrs. wash in running water. Further 
processing through alcohol of incrcasing strength, methylbenzoate 
with 1 % celloidin added, benzene to paraffin wax was automatic 
(Histokinette) . Serial sections, 7-8 f-l thick, were cut from the wax 
blocks and stained with methylgreen and pyronin according to 
BRACHET ( 1953) with minor modifications: 
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1. Carry sections through xylene and alcohols to distilled water. 
2. Treat sections with iodine, to remove mercuric precipitate, with 
l ugol (or with I % iodine in alcohol 96 °,0 between alcohols in previous 
step) . 
3. Remove iodine with 0.25 % aqueous sodium hyposulfite. 
4. Wash thoroughly in distilled water. 
5. Stain for 6-10 min. or longer if necessary (see below) in buffered 
methylgreen-pyronin solution: 
methylgrcen 0.25 g. 
pyronin 0.25 g. 
alcohol 96 % 2.5 mi. 
0. 1 M acetate buffer I 00 mi. 
Acetate buffer: 
sodium acetate (anal. gr.) 1 .36 g. 
distilled water I 00 mi. 
I N HCl to make pH = 4. 
(Filter solution and adjust pH to 4.0 with I N hydrochloric acid. 
Store solution in the dark. Adjust pH now and then) . 
6. Wash sections in distilled water for 3-5 min. 
7.  Blot gently with filter paper but prevent sections from drying com­
pletely. 
8. Immerse quickly in acetone for 3 5 min. 
(If sections loose too much pyronin during this phase do not shorten 
acetone treatment but restain or use longer staining time) . 
9. Continue to acetone-xylene (aa) , followed by 2 portions of xylene. 
1 0. l\1ount sections in neutral balsem, Caedex, D.P.X. or the like. 
(Protect mounted sections from full daylight to prevent fading of 
staining) . 
Light microscopical autoradiography. As fixation in bichromate mix­
tures may interfere with autoradiography by causing undue 
background blackening, fixation was done in 2-5 % phosphate 
buffered glutaraldehyde (pH 7.4; m.osmols about 400) for 24 hrs. 
at 4 °C under continuous stirring. Fixation was followed by washing 
in 0. 1 molar phosphate buffer with 6.8 % ( w fv) sucrose added 
(pH 7.4; m.osmols about 400) for 24 hrs. Processing through alco­
hols, methylbenzoate-celloidin and benzene to paraffin was as 
before. Sections were cut at 3-5 fl thickness, mounted on object 
slides that had been coated with gelatin-chromalum; in the dark­
room the sections were covered with Kodak AR-1 0  stripping film. 
Standard exposure times of 1 ,  3, 6 and 12 weeks were used 
(sections stored in light-tighed boxes ; 4 °C) .  Following develop­
ment in Kodak D- 1 9b ( 1 0  min, l 8 °C.) the autoradiograms were 
stained with methylgreen and pyronin as before. 
The isotope used throughout these experiments was thymidine-6-
T (n), obtained through the Isotope Laboratory (Head: dr. M. G. 
Woldring) of the University Hospital from the Radiochemical 
Center; Amersham, Buckinghamshire; England. Mode of appli­
cation, dosage and specific activity will be reported in the experi­
mental sections. 
Cell suspensions. Cell suspensions from the thymus and the spleen 
were prepared in medium TC 199 ( 10 ml) , with aqua dest (90 ml) , 
isotonic phosphate buffer, pH 7.4 (25 ml) , autologous serum (2-1 0 
ml), sodium penicillin-G ( 1  ml; 1 00,000 unitsfml) , streptomycin 
(0.05 ml; 1 00 mg/ml) and isotonic glucose (8.4 ml) added. 
Suspensions were prepared within 2 min. after the animal had 
been killed or the organ removed by mincing the tissue with scissors 
and gently rubbing the material through fine stainless steel 
gauze. 
The suspensions were centrifuged at 4 °C for 20 min at 500 r.p.m. 
(Christ II KS; rotor 5 1 1 0 ;  20 em radius; Martin Christ, Fabrik 
Electro-Medizinische Apparate ; Osterode, Harz; Germany) , and 
resuspended in fresh medium. 
All manipulations were done under aseptic conditions. Before 
intravenous injection of these suspensions the viability was estimated 
by mixing a small quantity of cells with 0. 1 % eosin in saline and 
determining the percentage of unstained cells. 
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F. ELECTRON MICROSCOPY. 
Dissection procedure and fixation. Popliteal and axillary lymph nodes 
were removed as described earlier. Much attention was given to 
avoid any destruction of the lymphoid tissue. The blood supply 
of the organ was kept intact as long as possible. 
After the lymph node had been removed, the organ as such was 
pasted on to a small, filter paper covered, teflon platform by a thin 
layer of agar (7 % agar-agar in 0.9 % saline) ,  which was brought 
also on top of the tissue: as a result the organ was completely en­
veloped in agar. The fluid agar was quickly hardened by a jet, 
produced from a vessel with liquid nitrogen. By means of a cutting­
machine (Smith and Farquhar Tissue-sectioner TC2, Sorval Inc., 
Norwalk, Connecticut, U.S.A.) thin slices of about 500 1-L could be 
chopped off the lymph node 1 •  During this chopping process they 
were already fixed by a 2 % glutaraldehyde solution buffered with 
phosphate (pH 7.4, about 400 m.osmols; cf. SABATINI c.s. 1 963 ) .  
By quickly transferring the still adhering slices to a petri-dish 
with fixation fluid they were separated by gentle shaking. The 
whole procedure from the moment when the blood supply of the 
organ was cut off till the moment the fixation process started took 
about one minute. 
The slices were subsequently fixed for two hours. After fixation the 
material was rinsed for 5 hours at 4 oc in a 0. 1 molar phosphate 
buffer with 6.8 % (w/v) sucrose added (pH 7.4, about 400 m.osmols) 
Spleen biopsies were treated in the same way as the lymph node 
material. 
Selection of the material for ultrastructure research. The slices oflymphoid 
tissue still in the rinsing fluid were studied with a dissecting micro­
scope (magnification 1 2  to 50 times with incident or transmitted 
light) . Cortex and medulla of the lymph node could be seen 
very clearly; moreover, even outer cortex and paracortical areas 
could be distinguished by a difference in compactness. In addition, 
in the irradiation experiments the paracortical areas were accen­
tuated by the presence of a brown-black pigment. After removing 
1 It should be noted that the tissue-sectioner as it is obtainable can not cut 
or chop this kind of unfixed tissue. We modified the mechanical part of the in­
strument so that it became possible to chop thin slices of 400-500 ft as described 
above. 
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adhering fat from the capsule, the slices were divided into sectors 
which contained cortex as well as an adjacent part of the medulla. 
Of each investigated lymph node 5-8 sectors were collected. In 
the spleen-slices the orientation is very simple. The white strands 
of the periarteriolar lymphocyte sheaths (p.a.l.s.) can be seen 
very clearly between the blood-filled red pulp. Wedges of spleen 
tissue with a number of p.a.l.s. were dissected. Of each biopsy 
5-8 pieces were collected. 
Tissue embedding and orientation. The material was post-fixed during 
1 hour in a 1 % Os04 solution according to PALADE ( 1 952) 
(pH 7.4, about 200 m.osmols) rinsed in 0.9 % saline, after which it 
was dehydrated in alcohol and embedded in epon. For embedding 
gelatin capsules were used; the round bottom parts were flattened 
by putting the capsules on a closely fitting cylindrical metal mould 
and pressing them with a flat heated plate for a few seconds. It  
was seen to that the tissue slices came in a parallel position close to 
the bottom of the capsule. Care was taken to keep a constant re­
lative humidity during the polymerisation procedure. This is of 
great influence on the cutting properties of the plastic. The blocks 
were polymerized at 35 °, 45 ° and 60 °C subsequently. 
Preparation of sections and staining procedures. With the L.K.B. 
Ultrotome or the Reichert Ultramicrotome, both with glass knives, 
thick sections ( ±  1 J-t) were made and stained with a 1 % cristal­
violet solution in water. These sections were studied with the light 
microscope. Reactive areas in the outer cortex and paracortical 
areas (lymph nodes) and in the p.a.l.s. (spleen) were selected and 
the corresponding blocks were trimmed into pyramids in such a way 
that these areas were brought into their tips. After this, ultra-thin 
sections ( 400-600 A) were made for electron and phase contrast 
microscopy. For electron microscopy, sections were picked up by 
copper grids covered with a parlodion film strengthened with carbon. 
Subsequently these sections were contrasted with saturated uranyl­
acetate (WATSON 1958) and lead citrate solution (REYNOLDS 1 963) .  
Also ultra-thin sections were stained by a chromic acid or per­
iodic acid silvermethenamine method. The existing methods 
(see p. 75) did not give reproducible results in our hands. After 
many experiments we found an adequate method by using the 
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following procedure : 
1 .  Bring sections from waterbath to I 0 0 periodic or chromic acid; 
1 5 min. at room temperature. 
2 .  Rinse with distilled water (several portions) ; 5 min at room temperature. 
3.  Float sections on silvermethenamine solution in a small vessel closed 
with a cover slide. 
4. Rinse with distilled water; 5 min at room temperature. 
5. Bring sections to sodium thiosulphate solution 3 % ;  5 min. at room 
temperature. 
6. Mount on object slides or on copper grids. 
During these procedures the sections were transferred from one 
solution to the next by means of a wire loop. The staining of the 
sections in silvermethenamine solution occurred under micro­
scopical control (20-30 minutes at 60°C) . The staining procedure 
was stopped as soon as the sections got a white-yellow tinge. Under 
the microscope the colour intensity of tissue structures within the 
sections could be closely followed. Chromic acid or periodic acid 
solutions ( 1 )  were excluded in a number of cases in order to trace a 
possible specificity of the silver staining for carbohydrate moieties. 
Solutions used (keep in refrigerator) : 
A. 45 ml hexamine 3 %  18  ml. 
B. 5 ml silver nitrate 5 % 2 ml. 
C. 25 ml borax 0.05 M 10 ml. ( 1 .9 gr. / 1 00 ml. ) .  
A, B and C are brought to room temperature. A and B are mixed, 
after this C is added and filtered. Before A is mixed with B, solution 
B was pressed through a Millipore filter (Millipore Filter Corp., 
Bedford, Mass., U.S.A. (GSWP 04700; pore size 0.22 �-t) ) ,  
removing big silver aggregates, contaminating dust particles etc. 
from the solution. The solutions are stable for a short time only; 
best results are obtained with fresh solutions. 
The silvermethenamine-stained sections on grids are only suitable 
for low-magnification electron microscopy (up to about 5000 times 
on the screen) ,  because the silver does not confer an amorphous 
electron-density to ultrastructural details, but is deposited in grains 
of such a size that they are resolved by the resolution power of the 
electron microscope. 
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Ultra-thin sections, stained with uranylacetate and lead citrate 
or with silvermethenamine were studied and photographed with the 
electron microscope (Philips EM 200 or EM 300 at 60 kV) .  
Moreover, silvermethenamine sections were studied and photo­
graphed with a phase contrast microscope. 
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CHAPTER III 
MORPHOLOGY OF THE IMMUNE RESPONSE TO 
VARIOUS ANTIGENS 
THE LYMPH NODE PRO ANALYSI 
INTRODUCTION: FUNCTIONAL HISTOLOGY OF THE LYMPH NODE 
Already at low magnification - see plate 2 - a lymph node sec­
tion shows the well-known characteristic pattern of its lymphoid 
tissue : a compact cortex with a single row of lymphoidfollicles at the 
outer border and a more 'loosely built' medulla. The width of the 
cortex may vary considerably in the various parts of the node. A 
stretch of broad cortex results from the presence of a paracortical area 
(OoRT and TuRK 1965) , a large egg-shaped mass of lymphocytic 
tissue protruding more or less deeply into the medulla. Between 
these the cortex is a narrow band, hardly exceeding the diameter of 
its follicles. At the cortico-medullary border the compact mass of 
cortical lymphoid tissue passes into the irregular, branching me­
dullary cords (fig. 1 ) .  
The lymph node is surrounded by a connective tissue capsule 
carrying the afferent lymph vessels. Upon entering the node these 
lymph vessels open into a subcapsular sinus which surrounds the 
whole lymphoid tissue of the node. Intermediary sinuses traverse the 
cortical lymphoid tissue and connect the subcapsular sinus with the 
irregular medullary sinuses between the medullary cords. From the 
medullary sinuses the lymph is carried off mostly by one single 
efferent lymph vessel which leaves the node at the hilus (see a.o. 
HALL and MoRRIS 1964; NAMBA c.s. 1 965) . The sinuses are not 
simply open spaces, but they are crossed by a sparse network of 
reticular cells accompanied by fibers. At the cortico-medullary 
border and around the medullary cords these reticular cells and 
fibers condense into a distinct lining of the lymphoid cell masses. 
It may be functionally significant that such a lining is not present 







to efferent lymphatic 
Fig. I .  Schematic drawing of a lymph node sector. 
Blood supply is by an artery which enters the lymph node at the 
hilus and branches into the medullary region. Small branches are 
first given off to the capsule where they anastomose with a separate 
capsular blood supply (HELLMAN 1930) . From the medulla the 
arterial branches are distributed - partly through connective tissue 
trabeculae, partly through the medullary cords - to the cortex. 
In the outer cortex capillary networks are present. The special 
features of some of these networks would seem to determine the 
places where follicles will arise (FLEMMING 1 885a, b; CALVERT 1 897) . 
From the outer cortical capillary system venules lead back towards 
the medulla where the collecting veins are enclosed in medullary 
cords or in trabeculae like the arterioles. The medullary veins 
JOin to form the hilus vein(s) . The most characteristic 
vessels of this vascular system are the cortical venules. Over 
their entire length throughout the paracortical areas( !) ,  these 
venules have a wall of swollen, nearly cuboidal endothelial cells 
with a distinctly though weakly pyroninophilic cytoplasm. These 
venules have been named 'cortical', 'post-capillary' or 'epitheloid' 
venules. It is in these epitheloid venules that lymphocytes have been 
described by MARCHESI and GowANS ( 1 964) as leaving the blood 
stream and immigrating into the paracortical lymphoid tissue of the 
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lymph node. In normal lymph node sections small lymphocytes are 
always seen 'moving' through the endothelial wall of these venules 
(SAINTE-MARIE c.s. 1 966, 1 967) . It may be stressed that these 
epitheloid venules are not only found in the lymph node but equally 
in tonsils, appendix, Peyer's patches and sacculus rotundus. In 
each of these organs they are characteristically found in those 
regions which would seem to be populated by long-lived recircu­
lating lymphocytes. In thymectomy experiments in rabbits these 
regions behave as TDA's (see chapter IV, fig. 4, p. 68; and 
plates 29, 30) . 
The lymphoid tissue proper of the lymph node may be said 
to consist of (a) an outer cortex bearing the prima1)' and seconda1)' 
lymphoid follicles, (b) distinct paracortical areas closed up to the outer 
cortex, and (c) medullary cords. The whole of this lymphoid tissue 
contains great numbers of reticular cells which can be easily rec­
ognized by their light staining nuclei. It should be noted that the 
term reticular cells is used here, as before, in a general sense i.e. 
to indicate various types of non-lymphoid cells constituting the 
basic structural pattern of lymphoid tissue, irrespective of their 
specific structural and functional features. Some of these cell-types, 
to be described in the following chapters, may be suspected to play 
a specific role in the immune response. 
In the outer cortex a characteristic marginal zone is present, in a 
particular experimental situation shown on plate 1 1 , apparently 
corresponding to the marginal zone of the splenic white pulp. It  
always consists of a few layers of light staining lymphoid cells 
which border the subcapsular sinus over the primary and secondary 
follicles and often between the follicles. The marginal zone cells are 
medium-sized lymphoid cells easily distinguished from small lymphocytes by 
a larger and lighter staining nucleus with one or two distinct nucleoli and a 
larger amount of cytoplasm which is lightly to moderateb' pyroninophilic 
(plate 7) . The marginal zone cells are seen best in methylgreen­
pyronin or Giemsa-stained lymph node sections; usually they escape 
observation in hematoxylin and eosin stained preparations. The 
marginal zone cells have been postulated by KEUNING c.s. ( 1 963) 
and Bos ( 1967) to be a characteristic, and presumably essential, 
cellular constituent of those parts of lymphoid tissue that are po­
tentially involved in antibody responses. 
A primary follicle in the lymph node outer cortex is essentially an 
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aggregate of small lymphocytes with a cap of marginal zone cells. 
A secondary follicle consists of a follicular center surrounded by a 
lymphocyte corona equally with a cap of marginal zone cells, the 
lymphocyte corona presumably corresponding to the primary fol­
licle. The follicular center may be either indifferent, i .e. largely con­
sisting of pale staining reticular cells, or involved in a germinal 
center reaction. Ao, a rule even indifferent follicular centers have 
a basal segment showing some germinal center activity. Secondary 
follicles arise from primary ones through a germinal center reaction, 
which upon subsiding leaves an indifferent, pale staining follicular 
center. According to Bas ( 1 967) , KEUNING and Bas ( 1967) and 
KEUNING and VAN DEN BROEK ( 1968) the follicles are maintained as 
such by a continuous supply of blood-borne (non thymus-derived) 
lymphocytes. A part of these subsequently transforms into marginal 
zone cells. Lymphoid follicles should, consequently, be considered 
the morphological signs of this particular type of lymphoid cell 
traffic. In the same way the paracortical areas with their epitheloid 
venules are the homing sites of the recirculating, long-lived lym­
phocytes (a.o. GoWANS and KNIGHT 1964) and consequently mor­
phologically represent that particular kind of lymJ:hoid cell traffic. 
Taken together the lymph node can be considered as a continu­
ously operated machinery, permanently kept ready for an immune 
response. Its structural organization at any given moment depends 
on a more or less basic pattern of specialized reticular cells and 
blood vessels. In this basic structure two types of lymphoid cell 
traffic precipitate distinct morphological - though essentially dy­
namic - entities. It is these structural dynamics which form the 
basis of immune responses induced by immunogens which have been 
carried along with the lymph in afferent lymph vessels. 
HISTOLOGY OF THE IMMUNE RESPONSE IN THE LYMPH NODE 
FOLLOWING VARIOUS ANTIGENS 
The antigens used were : 
Salmonella Java vaccine 
horse gamma globulin (HGG) 
horse spleen ferritin (ferritin) 




Each time both an axillary and a popliteal lymph node of two 
rabbits were examined l ,  2, 3 and 4 days following antigen ad­
ministration in the regions draining upon the respective nodes. 
Contralateral lymph nodes taken at the same moments served as 
controls. 
All three basic elements of the immune response - plasmacell 
reaction, germinal center reaction and specific cellular reaction -
would seem to be repre5ented in the immune response following 
each of the antigens used. However, the interplay of thes� three 
elements and their relative strength varied considerably from one 
antigen to the other. 
Salmonella Java vaccine. Already 24 hrs. following subcutaneous 
antigen administration moderate numbers of large, heavily py­
roninophilic immunoblasts were observed in the outer cortex. These 
blasts were seen between the marginal zone cells and dark staining 
small lymphocytes within primary follicles, in the lymphocyte co­
ronae of secondary follicles, and in the outer cortical regions 
between the follicles. 
In these latter regions the presence of numerous morphological 
intermediates between marginal zone cells and large pyronino­
philic immunoblasts suggested that the immunoblast originated 
from marginal zone cells. 
In these same regions, along the subcapsular sinus between or 
over the follicles, a particular type of reticular cell was observed in 
small numbers between the lymphoid cells ( lymphocytes and 
marginal zone cells) . In methylgreen-pyronin stained sections these 
cells had a large mass of more or less orange cytoplasm and a large, 
clear nucleus with one or two distinct nucleoli. High power mag­
nificationjust resolved innumerable cytoplasmic processes branching 
between the surrounding lymphoid cells (cf. plate 7 ) .  As far as 
light microscopy goes these cells might correspond to the dendritic 
macrophages, dendritic cells or antigen retaining reticular cells observed in 
lymphoid follicles ( ! ) .  They will be treated more extensively in 
the chapter on the electron microscopy of the antibody response 
(chapter V, p. 94) . 
At the same time (24 hrs.) a few immunoblasts were also observed 
in quite another localization, namely within the paracortical areas. 
Light microscopy did not give definite clues as to the significance of 
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the immunoblasts at these respective localizations. It may be noted 
that no immunoblast activity was observed at the cortico-medullary 
border at this stage of the immune response (24 hrs.) . 
2 Days after the antigen administration the number of immuno­
blasts had increased both in the outer cortex and in the paracortical 
areas. Immunoblasts now also occurred in the deeper parts of the 
paracortical areas but it was not clear whether these cells had indeed 
migrated from more peripheral parts as suggested by VAN BucHEM 
( 1 962) . Considerable mitotic activity was observed among these 
cells. 
3 Days following paratyphoid vaccination immature plasmacells 
- recognizable as such - were observed for the first time. They were 
localized in the cortical regions immediately bordering the medulla 
(cf. LEDUC c.s. 1 955) . 
After 4 days the medullary cords in the neighbourhood of the 
cortex had filled with mature plasmacells. A number of immature 
ones were still observed in the deepest cortical regions. In the outer 
cortex the immunoblasts which were present before had completely 
disappeared. Small lymphocytes and lightly pyroninophilic marginal 
zone cells constituted the outer cortical lymphoid cell population 
outside the follicles. In the follicles, most characteristically in the 
primary ones, the germinal center reaction had started all of a 
sudden with the appearance of rather compact masses of immuno­
blasts in the middle of characteristic aggregates of small lympho­
cytes. In a number of follicular centers the well-known picture of 
a mixed population of few typical blasts and numerous medium 
sized lymphoid cells with many mitoses had already developed. 
Typical 'tingible Korper'-macrophages were not very numerous in 
the paratyphoid stimulated germinal centers. 
Horse gam m a  globulin. In comparison with Salmonella Java vaccine 
the horse gamma globulin (HGG) antigen gave rise to markedly 
different lymph node changes. First of all no significant cellular 
changes were observed in the lymph nodes 24 hrs. following s.c. 
HGG-injection. No immunoblasts were observed in the outer 
cortex as in the case of paratyphoid vaccination. In accordance with 
VAN BucHEM ( 1 962) we observed the first immunoblasts 2 X 24 hrs. 
following HGG administration in numerous aggregates through­
out the paracortical areas and in addition characteristically on a 
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line which presumably represented the border between paracortical 
area and outer cortex (plate 1 0) .  Meanwhile quite marked changes 
had taken place in the outer cortex itself: the whole region had 
become crowded with small lymphocytes so that at low power 
microscopy the outer cortex proper showed up as a dark band. 
These outer cortical small lymphocytes in methylgreen-pyronin 
sections had compact hard-blue stained nuclei without much cy­
toplasmic staining. By way of contrast the lymphocytes populating 
the paracortical areas on the other hand gave a slightly purplish 
impression because of the presence of a faintly pyroninophilic 
cytoplasm and less compact nuclear chromatin. A great deal of spots 
appeared to represent a distinct type of non-phagocytic reticular 
cells characterized by clear and most bizarre nuclei, which had 
never occurred outside the paracortical areas ( cf. plates 8, 9) . These 
cells, which consequently would seem to be a typical constituent of 
the paracortical areas, will be discussed in more detail in chapter IV. 
3 Days after antigen injection the markedly enlarged paracortical 
areas were massively filled with light and dark pyroninophilic 
immunoblasts, engaged in active mitotic multiplication. Again the 
exact nature of these immunoblasts could not be established with 
certainty but a considerable number of recognizable immature 
plasmacells was present, particularly in the deeper parts of the para­
cortical areas. The outer cortex still consisted of a dark, lymphocyte­
rich band in which only few marginal zone cells were observed. 
On the 4th day germinal centers had developed in the cortical 
follicles, as in the case of animals vaccinated with paratyphoid. The 
immunoblast reaction in the paracortical areas showed decreasing 
activity by this time. 
Ferritin. The lymph node histology following s.c. injection of 
ferritin differed both from that after paratyphoid vaccine and 
after horse gamma globulin in two respects. 
In the first place immunoblasts developed in large numbers in the 
outer cortex as well as in the paracortical areas. In the outer cortex 
they were unnumerous already 24 hrs. after the antigen injection 
and their site of appearance was not particularly related to follicular 
structures. In fact immunoblasts were seen throughout the whole 
outer cortex with innumerable intermediate cell types between small 
lymphoid cells and immunoblasts in the outer cell layers. Large 
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numbers of marginal zone cells were also present here. 2 Days 
after antigen administration immunoblasts also massively filled the 
paracortical areas (plate 6) . The immunoblast reaction in the two 
respective regions (plates 4, 5 and 6) would seem to develop more or 
less independently. Generally speaking the outer cortical immuno­
blasts exhibited a somewhat more intense cytoplasmic pyronino­
philia than the immunoblasts in the paracortical areas. 
Secondly by the third day the cortical immunoblasts were seen 
'moving' towards the medulla, not only through the paracortical 
areas but more particularly through corridors between them. In 
these corridors development into immature and maturing plasma­
cells could be observed beyond doubt. This observation strongly 
supports the hypothesis that the outer cortical immunoblasts in fact 
represent plasmablasts. 
4 Days after ferritin administration the diffuse outer cortical 
immunoblast formation was completely over, but again germinal 
centers had made their characteristic appearance. In the para­
cortical areas immunoblast development was still actively going on 
at this moment. 
Chemical sensitizers: DNCB and oxazolone. Following skin appli­
cation of DNCB the histological changes seen in the regional 
lymph node were nearly identical to those following ferritin. This 
obtained for all three elements of the immune response i.e. outer cor­
tical immunoblast formation, blast formation in paracortical areas 
and the germinal center reactions. The reaction in the paracortical 
areas would seem to be somewhat stronger in the case of DNCB 
However, in the majority of animals the painting of DNCB caused 
severe necrosis of the skin. Consequently the possibility could not be 
excluded that in spite of careful dressing some bacterial infection 
might have contributed to the changes observed in the lymph 
nodes. Moreover even the most exact precautions could not prevent 
allergic skin rashes on the part of the investigator. Oxazolone proved 
to be a less aggressive contact sensitizer, which never caused 
necrosis or skin irritation in the course of these experiments. Lymph 
nodes were examined 2, 4, 6 and 8 days after skin application. 
2 Days following oxazolone painting both the outer cortical 
regions and paracortical areas were crowded with immunoblasts 
to such an extent that the medullary tissue on the opposite side had 
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been pushed aside nearly completely. In the outer cortex immuno­
blasts obviously were arising in large numbers amidst the outer 
marginal zone cell layers. Moreover, a reactive inflow of dark 
staining small lymphocytes was here observed, as in the case of 
HGG, where cortical immunoblast formation, however, was 
negligible. 
4 Day5 after oxazolone application the whole lymph node cortex 
exhibited undiminished immunoblast forming activity and the ex­
pansion of the whole cortex was maximal. Delineation of outer cor­
tex against paracortical areas was impossible. Any beginning ger­
minal center activity - to be expected at this moment - was in­
distinguishable because of the ubiquitous presence of innumerable 
immunoblasts. A number of immatur� plasmacells, however, could 
be recognized in the paracortical areas. 
6 Days after oxazolone the activity of the lymph node was un­
diminished. Now large but characteristic germinal centers were 
seen, though obviously pushed aside against the capsule by the 
expanding cortical cell mass. Whatever was left of medullary cords 
and medullary sinuses showed large numbers of mature plasma 
cells and large, medium-sized and small lymphocytes. 
At 8 days the immunoblast forming activity for the first time was 
seen to subside, with the exception of follicular center activity. 
It may be stressed that during this whole eventful period the 
contralateral lymph nodes proved to be perfectly inactive, without 
any immunoblast forming activity. 
DISCUSSION 
Since antibody formation in lymph nodes was first demonstrated 
by McMaster and Hudack the concomitant cellular changes, 
particularly the plasmacell response has been extensively studied. 
The exact localization of these processes in the lymph node, has 
remained a matter of controversy. Specific cellular immune respon­
ses have been observed in lymph nodes following allogeneic skin 
grafting and application of contact sensitizers. These reactions were 
shown to develop independently i.e. without an antibody response 
in sublethally irradiated animals and proved to be localized in the 
paracortical areas of the lymph node cortex. 
Within the limits of the uncertainty still existing regarding the 
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histological definition of the respective processes our observations 
suggest that each of the four antigens simultaneously elicited an 
antibody response and a specific cellular immune response. This 
would seem to support the hypothesis of TuRK and HEATHER 
( 1965; cf. TuRK 1967c, 1969a) that any immune response may es­
sentially encompass both types of reaction. 
Histologically the changes observed in the lymph nodes following 
Salmonella Java vaccine, ferritin and the contact sensitizers but 
with the exception of HGG( !) - proceeded along the same general 
pattern. Firstly an immunoblast response -presumably representing 
the antibody forming plasmacell reaction - was initiated within 
24 hrs. in the outer cortex amidst the small lymphocytes, marginal 
zone cells and dendritic cells. Between 24 and 48 hrs. a second im­
munoblast response was observed, now in the paracortical areas. 
The hypothesis seems justified that this one may represent a specific 
cellular response. Lastly a germinal center reaction makes its ap­
pearance between 4 and 6 days. The course of events apparently 
differed in details for the three antigens. Following Salmonella 
Java vaccine outer cortical immunoblasts arose in moderate num­
bers and in more or less close relation to primary follicles and 
lymphocyte coronae of secondary follicles. Immature and maturing 
plasmacells, presumably developing from these immunoblasts tra­
versed paracortical areas, if present, on their way towards the 
medullary cords. In doing so they appeared to become mixed up 
with the - presumably specific cellular - immunoblasts originating 
in small numbers in the paracortical areas themselves. On the other 
hand ferritin induced the origination of much more numerous outer 
cortical immunoblasts and this process was not restricted to the 
proximity of follicles but involved outer cortical interfollicular areas 
as well. The immature plasmacells apparently sprung from these 
blasts, on their way to the medulla, followed corridors between 
adjacent paracortical areas, which had themselves considerably 
expanded by highly active (specific cellular?) immunoblast re­
actions. Lastly the contact sensitizers elicited the heaviest and 
longest lasting reactions in both outer cortex and paracortical areas. 
As the whole cortex seemed uniformly involved these reactions 
could not be recognized as separate processes. 
The changes found in response to HGG would seem to differ 
from the general pattern just described in at least one essential 
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point. In accordance with the description by VAN BucHEM ( 1962) 
no outer cortical immunoblast reaction was observed during the 
first 24 hrs. Only when a paracortical (specific cellular?) immuno­
blast reaction had started - about 48 hrs. after antigen administration 
- did immunoblasts appear, some of which presumably represented 
plasmablasts. Even these did not arise in the outermost, marginal 
zone cell layers of the outer cortex, but at the borderline between 
outer cortex and a paracortical area. Evidence will be provided 
suggesting that this course of events which a.o. is also seen in the 
allograft response represents a second type of general pattern : a 
thymus-dependent plasmacell reaction. 
It will be clear that descriptive histology alone cannot be ex­
pected to provide conclusive evidence regarding the processes 
which together constitute these two basic patterns described above. 
For their analysis and evaluation (chapters IV and V) isolation 
systems have been used in which either the antibody component 




RADIOLOGICAL SEPARATION OF ANTIBODY RESPONSE 
AND SPECIFIC CELLULAR IMMUNE RESPONSE : 
AN ISOLATED SCR-SYSTEM 
I. Histophysiology of specific cellular immune responses in 
the lymph node. 
A. EXPERIMENTAL DESIGN OF AN 'ISOLATED SCR-sYSTEM' 
Sublethal (450 rads) total body X-irradiation with and without 
shielding of the thymus. 
1 .  Sublethal total body irradiation followed after 24 hrs. by (sub)cutaneous 
antigen administration. 
The effects of sublethal (450 rads) X-irradiation in the rabbit as 
mentioned on page 1 7  can be summarized as follows: 
- unresponsiveness as regards antibody forming capacity for a 
period of about 7 days, 
- total destruction of outer cortical, including follicular, lympho­
cytes and marginal zone cells, in contrast to survival of part of 
the small lymphocytes populating the paracortical areas, 
- unimpaired skin allograft rejection with considerable immuno­
blast reaction occurring in paracortical areas of the regional 
lymph node, 
- unimpaired 'delayed type' sensitization potential/response. 
These facts suggested the possibility of using the sublethally 
(450 rads) total body irradiated rabbit as a basic experimental 
system for testing the capacity of various antigens in order to 
induce a specific cellular immune response independently from an 
antibody response. The antigens used were the same as in the 
first part of this investigation. 
Histologically in these animals, irradiated 24 hrs. previous to 
antigen administration, no diffuse immunoblast reactions were ob-
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served upon Salmonella Java vaccine, ferritin or HGG This 
obtained for the nearly totally lymphocyte depleted outer cortex 
and for the, only partly depleted, paracortical areas of axillary or 
popliteal lymph nodes regional to the site of antigen injection which 
were examined from 2 through 7 days after antigen injection. 
After ferritin or HGG but never after Salmonella Java vaccine 
small circumscript aggregates of immunoblasts - apparently rep­
resenting germinal center reactions - were sometimes observed at 
5-6 days. Beginning repopulation of the outer cortex with lymphoid 
cells was seen regularly that time after irradiation. These cells had 
the characteristic appearance of marginal zone cells. 
In contrast the contact sensitizers (DNCB or oxazolone) elicited a 
distinct immunoblast reaction in the paracortical areas of regional 
axillary or popliteal lymph nodes already 2 days after application. 
The numb�r of large pyroninophilic cells had considerably in­
creased by the 4th day. At this moment numerous medium-sized 
and small lymphocytes were present in medullary cords and sinuses. 
No plasmacell response was observed except for the occasional 
plasma blasts and immature plasmacells likewise seen in contralateral, 
control nodes. 
These observations would seem to permit the conclusion that 
under the conditions of this experiment an isolated specific cellular 
immune response was evoked by DNCB and oxazolone, apparently 
corresponding to that observed following skin allografting under 
identical conditions (VAN DER SLIKKE and KEUNING 1964; KEUNING 
1965 ; MICKLEM and BROWN 196 1 ,  1967) . 
The failure of paratyphoid vaccine, ferritin and HGG to elicit 
an apparent, specific cellular immunoblast response in this ex­
periment raised the problem whether these antigens lack this ca­
pacity or not. The following experiments should give the answer. 
2. Sublethal total body irradiation with the THYMUS SHIELDED, 
followed after 24 hrs. by (sub)cutaneous antigen administration. 
The thymus dependency of specific cellular immune responses and 
of the cell population of the paracortical areas suggested the use of 
sublethal total body irradiation with thymus shielding. This treat­
ment according to Bos ( 1967) would result in markedly enhanced 
cellularity of the paracortical areas in the irradiated animals, 
whereas the outer cortex remained depleted and antibody forming 
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capacity was abolished for some 7 days as in totally irradiated 
animals. 
This experimental system might exhibit greater sensitivity as 
regards specific cellular immune responses towards the antigens 
ferritin, paratyphoid vaccine and HGG, which gave negative 
results in the foregoing experiments. 
Histology 
In the lymph nodes, both control and experimental ones, the para­
cortical areas showed repopulation with lymphocytes clearly sur­
passing that found after irradiation without thymus shielding. In 
about 2 days' time lymphocyte-rich foci were seen lying around the 
epitheloid venules of these areas. On the other hand the outer 
cortical repletion with lymphoid cells proceeded exactly as in the 
non-thymus-shielded irradiated animals, with marginal zone cells 
reconstituting follicular areas by the 7th-9th day. Upon regionally 
administered DNCB or oxazolone the lymph node exhibited strong 
immunoblast reactions in the lymphocyte-rich foci of the para­
cortical areas from the 2nd day on as might be expected. These 
reactions reached their maximum about the 4-6th day. Ferritin and 
HGG now also elicited unmistakable, paracortical immunoblast 
reactions which started after 2 days and developed into a fairly 
active response by the 4th day following antigen administration. 
Salmonella Java vaccine, under the conditions of this experiment, 
gave only weak or even doubtful paracortical immunoblast re­
actions. 
As in the foregoing experiments non of the antigens induced any 
diffuse outer cortical immunoblast reactions. Again circumscript 
aggregates of immunoblasts - presumably isolated germinal center 
reactions - were observed 4-5 day3 following administrations ot 
ferritin, HGG and the contact sensitizers (plate l l ) .  These im­
munoblast-centers had a naked appearance, without many further 
signs of follicular repair. Usually a few marginal zone cells would 
reappear on top of the blast aggregate. 
The thymus was histologically examined in a number of animals 
sacrificed following the lymph node biopsies. The same charac­
teristic changes as described by Bos ( 1967) were observed: notwith­
standing thymus shielding a nearly complete lymphocyte depletion 
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of the thymic cortex was observed in 2-3 days following the ir­
radiation in a number of animals. It should be emphasized, that, 
although some thymocyte destruction may have resulted from the 
general stress to which the animal was subjected, no histological 
signs of lymphocyte death were observed. In the following days a 
rapid repletion occurred with markedly high mitotic activity of 
large and medium-sized cortical thymocytes. Our findings, how­
ever, differed from those of Bas in one respect: thymic cortical 
depletion was consistently found in the irradiated-thymus shielded 
animals which had been given antigen (32 rabbits) , but it did not 
occur in anyone of the non-antigen treated controls (9 rabbits) . 
There was a definite suggestion that particularly application of the 
contact sensitizers resulted in a most pronounced depletion of the 
thymic cortex. Altogether the hypothesis presents itself that 'con­
sumption' of thymus-derived lymphocytes in peripheral lymphoid 
tissue may have stimulated a release of thymocytes from the thymic 
cortex. The depletion is followed by a period of active cortical 
thymocyte production. About 4-5 days after the irradiation 
(thymus shielded) i.e. 3-4 days after antigen administration, groups 
of small lymphocytes with very compact, dark staining nuclei made 
their appearance in the outer zone of the thymus cortex. These cells 
might correspond to the 'small lymphocyte-like cells' described by 
DuKOR c.s. ( 1 965) in regeneration and repopulation experiments 
of thymus grafts and considered by these authors to represent bone­
marrow derived lymphoid stem cells for thymocyte production. 
Apart from these small lymphoid elements groups of actively di­
viding medium-sized, moderately pyroninophilic lymphoid cells 
developed. In the following 2-4 days a rapid repletion to normal 
cellularity of the thymus cortex occurred with remaining high 
activity. 
During the period of thymocyte depletion a peculiar structure 
was observed amidst the epithelial reticular cells constituting the 
basic structural elements of the thymus. A great number of large 
vacuoles was visible which at high magnification turned out to be 
conglomerations of smaller vacuoles apparently formed by single 
cells. Into the lumen of these formations a number of cytoplasmic 
processes protruded and a granular substance seemed to fill the 
structure described. 
Presumably these structures correspond to the 'tubular struc-
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tures' observed in electronmicrographs of the rat by CLARK 
( 1966) and by VAN HAELST ( 1 967) and which we also found in 
the rabbit thymus in a preliminary electron microscopical survey. 
During all these rather drastic changes taking place in the 
thymus cortex, the medulla appeared to remain practically un­
changed and populated with the morphologically characteristic 
medullary thymocytes.  These latter have a distinctly less compact, 
lighter staining nucleus and a faintly pyroninophilic cytoplasm. 
They seldom show mitoses. The cortico-medullary border is sharply 
outlined mainly by a shift in the character of the lymphoid cells. 
Another more specific morphological substrate of this borderline 
was not found. Like the thymocyte population the other charac­
teristic structures of the thymic medulla also appeared unchanged: 
viz. the Hassal's corpuscles and the perivascular lymph canals 
crowded with lymphocytes. 
The spleen was also histologically examined during the period 
following total body irradiation with the thymus shielded. Rather 
strikingly the periarteriolar lymphocyte sheaths - though un­
doubtedly representing TDA's (cf. p. 67) - did not exhibit any 
repopulation corresponding to that of the paracortical areas in the 
lymph nodes. The number of lymphocytes observed in the splenic 
perivascular areas did not surpass the usual proportion of lympho­
cytes surviving the irradiation and after redistribution over the 
peripheral lymphoid organs by way of recirculation. 
Moreover, no immunoblast response was observed among this 
lymphocyte population. Apparently either antigen clearance by the 
regional lymph nodes was very efficient and permitted no signifi­
cant quantity to reach the spleen, or the cells present did not respond 
to the antigen that reached the spleen. The latter alternative is the 
most probable, as subcutaneously administered antigen will indeed 
reach the spleen. 
Follicular regeneration in the spleen started - as usual - about 
the 6th day following the irradiation by the reappearance of 
characteristic areas of marginal zone cells. 
Autoradiography 
3H-Thymidine administration followed by autoradiography was 
used to identify the immunoblast reactions observed in the para-
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cortical areas of regional lymph nodes in rabbits subjected to sub­
lethal total body irradiation with the thymus shielded. For this 
experiment ferritin was cho3en as the antigen because in view of 
the results just reported it was considered most probable that it would 
evoke both a good plasmacell reaction, a germinal center reaction 
and a specific cellular response. 5 Mgs of ferritin were injected 
subcutaneously (MILLER III 1964) in each hind leg 24 hrs. after 450 
rads total body irradiation with the thymus shielded. 3H-thymidine 
- 1 00 ftC in 1 ml. 0.9 % saline, specific activity 1 7,700-18, 1 00 
mC1mM - was given subcutaneously around the Achilles tendon 
of each leg 2, 3 or 4 days after antigen administration (see fig. 2 ) . 
The left popliteal node was surgically removed l hr., the right node 
24 hrs. after the thymidine injection. The 1 hr. biopsy would show 
which cell types incorporate the thymidine label at the chosen 
moments following antigen administration, the 24 hrs. biopsy 
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Fig. 2.  X-irradiation and 3H-thymidine (3HT) schedule for autoradiographic 
tracing of the specific cellular immune response. 
In the 1 hr. biopsies the majority of the cells taking up label 
proved to be large pyroninophilic blast cells. Moreover, a few 
smaller pyroninophilic elements, presumably transitional cells i.e. 
lymphocytes transforming into immunoblasts, had labeled. This 
picture was found in all 1 hr. biopsies with the largest number of 
blasts seen throughout the paracortical areas 4 days after the antigen 
(plate 1 7) .  The 24 hrs. biop3ies equally consistently showed labeled 
medium-sized and especially small lymphocytes. On the 5th day 
following antigen - i.e. in the 24 hrs. biopsy of the 4th day labeling -
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labeled small lymphocytes were found spread in the deeper parts 
of the paracortical areas (plate 1 8) and in the medullary cords 
and sinuses. The latter apparently are carried off with the passing 
lymph towards the blood stream. None of the biopsies ever showed 
more than occasional labeled plasmacells. 
From these observations it may be concluded that the immuno­
blasts observed in this particular experimental system - i.e. THYSH/ 
RoTOT450R - do belong exclusively to a specific cellular immune 
response with small lymphocytes as the specifically committed end­
cells. Moreover, under the conditions of these experiments in­
duction of immunoblast formation clearly continued over a period 
of several days with an apparent maximum about 4 days following 
antigen administration. 
Apart from 3H-thymidine uptake by lymphoid cells as described, 
labeled endothelial cells of the epitheloid venules in the paracortical 
areas were seen repeatedly. Apparently the vascular bed of these 
areas was growing. This observation suggests a reactive growth of 
the basic structure of the paracortical area associated with its over­
all growth following antigenic stimulation. 
DISCUSSION 
From a comparison of the immunoblast reactions in the animals 
subjected to total body irradiation with those irradiated with the 
thymus shielded it is clear that the latter procedure improved the 
responsiveness. HGG, ferritin even Salmonella Java vaccine, 
which did not elicit immunoblast responses in total body irradiated 
rabbits, now gave clear reactions in the paracortical areas, though 
paratyphoid on a very small scale. It may be noted that this 
effect was not accompanied by a return, or earlier return of antibody 
responsiveness (Bos 1967) and repopulation of the outer cortex. 
In the irradiated, thymus shielded animals the number of lym­
phocytes populating the 'thymus dependent' paracortical areas defi­
nitely exceeded that found in total body irradiated rabbits without 
thymus shielding. Yet these experiments do not answer the question 
whether the difference is due to lymphocytes elaborated by the 
shielded thymus, as a significant though small proportion of the 
total lymphocyte pool will survive a 450 rads total body irradiation. 
Only when an antigen was given did a marked lymphocyte de-
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pletion of the thymic cortex occur in 3-4 days. Within a few more 
days a mitotically active repair took place which was apparently 
introduced by the appearance of 'small lymphocyte-like cells' 
with compact, dark staining nuclei. The possibility that this 
depletion was in fact a 'stress-phenomenon' cannot be excluded 
with certainty. Cell death which was to be expected in that case, 
was not observed but may have escaped observation due to the 
24 hrs. intervals of thymus histology. 
The immunoblast response observed was exclusively localized in 
the paracortical areas and the end cells were small lymphocytes. 
As all signs of plasmacell formation were lacking, the conclusion 
seems justified that the reaction did represent an isolated specific 
cellular immune response. This response could be more accurately 
defined in three more respects. First the process of immunoblast 
induction was only manifest in about 2 X 24 hrs. which is consider­
ably longer than the period ( ± 1 8  hrs.)  observed in outer cortical 
plasmablast formation (cf. pp. 50 and 10 1 )  but would seem to cor­
respond to plasmablast formation in the case of HGG (cf. p. 5 1 )  
of which we suggested that it might be a thymus-dependent process. 
Secondly the immunoblast induction i.e. antigen induced trans­
formation of lymphocytes into immunoblasts, apparently is an 
asynchronous process extending over some 4-6 days. The possibility 
should, however, be envisaged that under normal non-isolation­
conditions the antibody formed by the plasmacell response which 
occurs simultaneously in a way cuts off the reaction by immune 
elimination of the antigen. Thirdly autoradiographic observations 
demonstrated that the 'maturation' of the lymphocytic end-cell 
from its precursor immunoblast would take little more than 24 hrs. 
This fact plus the moderate decrease in grain counts over the same 
period suggest a restricted mitotic multiplication only during this 
immunoblast-lymphocyte development. The maturing cells would 
seem to divide only once or twice is in accordance with the data of 
TuRK and STONE ( 1963) and OoRT and TuRK ( 1965) .  
The localized formation of circumscript immunoblast aggregates 
in the outer cortex observed following HGG, ferritin and the 
contact sensitizers but not following Salmonella Java vaccine, 
presumably represents an 'isolated' germinal center reaction. This 
hypothesis is supported by the fact that these reactions always 
manifested themselves nearly exactly 4 days after antigen ad-
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ministration, and by their characteristic starting morphology. Any 
explanation of this phenomenon occurring in the absence of a 
plasmacell response must be speculative. It might be supposed that 
the irradiated lymph node outer cortex might still exhibit some 
partial antigen trapping as shown in irradiated rats by WILLIAMS 
( 1966a, b) .  The very first non-thymus derived lymphocytes might be 
delivered to the lymph node outer cortex by the 4th post-irradiation 
day and - without having transformed into marginal zone cells ­
become directly involved in a germinal center reaction. Whatever 
the explanation may be, the phenomenon observed suggests that 
the moment of the follicular center reaction may be intrinsically 
fixed at ± 4  days following antigen administration, may depend on 
appropriate antigen trapping by follicular basic reticular elements 
- presumablysome sort ofdendritic cells (cf. a.o. WHITE 1963, 1 969) ­
and does not depend on preceding antibody production. 
B. AN 'ISOLATED SCR-SYSTEM' . 
Three times repeated sublethal ( 450 rads) total body X-ir­
radiation with shielding of the thymus. 
The experiments of KEUNING and VAN DEN BROEK ( 1968), 
mentioned earlier (p. 1 0) ,  demonstrated that 3 X sublethal 
total body irradiation would completely destroy the pool of im­
munocompetent cells for the skin allograft response, and that pre­
vious thymectomy would preclude regeneration of that cell pool for 
observation periods as long as 5 months. Histologically the TDA's 
of peripheral lymphoid organs - e.g. the paracortical areas of 
the lymph nodes and the periarteriolar lymphocyte sheaths of the 
spleen - were completely depleted of lymphocytes (see plate 1 ) . 
As an experimental system an animal thus treated, when given a 
few weeks time for regeneration of the potential antibody forming 
cell system, is an ideal tool for investigating the antibody response 
(chapter V) .  On the other hand the experiments with thymus 
shielding, just reported, suggested the possibility of a comple­
mentary experimental system. By maintaining three sublethal total 
body irradiations, with 2 weeks' intervals, but with shielding of the 
thymus in stead of removing or radiologically eliminating it, it 
should be possible to obtain an 'isolation system' in which any 
lymphocytes populating the peripheral lymphoid organs must be 
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thymus-derived (fig. 3 ) .  As a matter o course this experimental 
situation is again restricted to some 7 days following the last 
irradiation as by that time the non-thymus dependent cell system 
- among which the lymph node outer cortex with follicles - will 
reappear. 
A iJ 2 THY SH 
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Fig. 3. X-irradiation schedule for achievement of a 'SCR-isolation system'. 
1 .  Repeated total bod)! X-irradiation with the th)lmus shielded. 
Control histology. 
Rabbits received 3 sublethal ( 450 rads) total body X-irradiations 
with the thymus shielded at intervals of 1 4  days. The thymus, the 
spleen, the axillary, popliteal and mesenteric lymph nodes, the 
appendix, sacculus rotundus and a Peyer's patch, were histologically 
examined from the l st to the 14th day and at 3 and 4 weeks fol­
lowing the last irradiation. 
The th)lmus was markedly reduced in size as estimated macroscopi­
cally 1 -2 days following the last irradiation with the thymus shielded 
( ! )  in comparison with thymuses at irradiation-time. As any 
notable destruction of thymocytes was not observed, the most prob­
able interpretation of this post-irradiation decrease in size would 
seem to be a considerable outflow of cells towards the severely 
depleted peripheral lymphoid organs. A selective depletion of the 
thymic cortex, however, was not observed, even in the experimental 
animals which had received antigen. Both cortex and medulla 
showed an over-all reduction in size, without leaving a lymphocyte 
depleted formation of epithelia-reticular cells as observed after one 
total body X-irradiation with the thymus shielded (p. 60) . Mitotic 
activity of cortical lymphocytes appeared to be much greater and 
to last much longer than in the animals irradiated (with thymus 
shielding) only once : 8 days following the last irradiation mitotic 
activity is still high. Only 2-3 weeks later the mitotic activity had on 
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the whole subsided to normal. The thymic medulla appeared to be 
relatively reduced in comparison with the cortex which made up 
most of the organ. A normal cortico-medullary ratio was also not 
restored until the 3-4th week post-irradiation. 
The lymph nodes - both axillary, popliteal and mesenteric - already 
24 hrs. following the last irradiation showed a marked patchy re­
pletion of the paracortical areas (cf. plate 3) with lymphocytes that 
could only be thymus-derived, as the total population oflong-lived, 
recirculating, TDA's populating lymphocytes may be considered 
destroyed by the three irradiations ( cf. plate 1 ) .  During the fol­
lowing 6 days the number of lymphocytes in the paracortical areas 
was seen to increase still further. 
By the 7th post-irradiation day outer cortical regeneration 
started as usual with the appearance of marginal zone cells re­
constituting primitive follicles. During the following days outer 
cortical repair proceeds rapidly with small, dark staining lympho­
cytes appearing in gradually increasing numbers. A relatively high 
proportion of marginal zone cells may be maintained for 3 to 4 
weeks, as always found in post-irradiation regeneration. 
In order to prove that the lymphocytes found in the TDA's 
of 'SCR-isolation animals' are really thymus-derived, the just 
mentioned experiments were repeated in the following way. The 
thymus was surgically removed about 3 weeks before the first total 
body irradiation was given. All three irradiations were done with 
the 'thymus region' shielded, as if the thymus was still pn:sent. 
Axillary and popliteal lymph nodes were hi.;tologically examined 
24 hrs. and about 1 50 days after the last total body irradiation. 
The thymus region was, moreover, inspected at autopsy. No 
thymus remnants were found. The paracortical areas were deprived 
of thymocytes and resembled plate I .  ('AR-isolation system' ; 
cf. chapter V) at 1 50 days, while at 24 hrs . the lymph nodes were 
completely devoid of lymphoid cells. 
In the spleen lymphocytes which again must have been thymus 
derived were observed in the periarteriolar lymphocyte sheaths 
already 24 hrs. after the last irradiation (.plate 27 ) .  Like the pre­
sumably thymus-derived lymphocytes mentioned earlier (p. 6 1 ) 
these cells in methy1green-pyronin stained sections had a fairly 
67 
68 
THYM U S  DEPENDENT � VERSUS NON_ THYM US DEPENDENT IZZ<I AREA'S 
/• 
� . . . .. . . �· . . . . . . . . �� -'-���� . .:.·.::�·��-�·�:�_ . �?:--:�:._� � ,.: � 
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Fig. 4. I .  Spleen white pulp (cf. plates 2 7, 28). 
2 .  Lymph node cortex (cf. plates I, 3) .  
3a, b. Gut-associated lymphoid tissue (cf. plates 29, 30). 
+-> tangential cross-section (3b). 
bright nuclear staining, with a definitely less compact chromatin 
pattern than observed in non-thymus derived lymphocytes (see 
p. 88) and with a narrow rim of clearly distinguishable, lightly 
pyroninophilic cytoplasm. 
About 6-8 days following the irradiation groups of marginal 
zone cells were seen representing the first stages of follicular repair. 
The appendix, sacculus rotundus and Pryer's patches ( 'Gut-associated 
lymphoid tissue' )  in the rabbit histologically exhibit an identical 
architecture (see NrEUWENHUIS 1970) . Thymus dependent areas 
(TDA's) have been found in the appendix by Keuning and van den 
Broek (pers. comm.) as relatively small characteristic interfollicular 
areas, depleted oflymphocytes following heavy irradiation (plate 29) . 
Like the TDA's in lymph nodes these interfollicular areas of the 
appendix, sacculus rotundus and Peyer's patches contain typical 
epitheloid venules ( ! )  
I n  the present experiments these areas, both in the appendix 
(plate 30), in the sacculus rotundus and the Peyer's patches, al­
ready 24 hrs. after the last of these irradiations with the thymus 
shielded exhibited a marked lymphocyte repopulation, like the 
TDA's oflymph nodes and spleen. Fig. 4 gives a schematic drawing 
of TDA's versus non-TDA's in the peripheral lymphoid tissue. 
2. Repeated total body X-irradiation with the thymus shielded, followed 
after 24 hrs. by skin allografting. 
Allograft rejection. 
6 Rabbits received 3 X sublethal ( 450 rads) total body X-ir­
radiation with the thymus shielded, at 1 4  days' intervals; 24 hrs. 
after the last irradiation a skin allograft was applied to the left 
scapular region of the back and a control autograft in the right 
scapular region. The grafting method ofBrLLINGHAM and MEDAWAR 
( 1 95 1 )  was used. No lymph node biopsies were done in this ex­
periment so as not to disturb the rejection process. 
While the control autografts exhibited normal takes, the allograft 
was completely rejected after 1 2-1 6  days (cf. chapter V, p. 90, 
table II) .  The rejection process itself - i.e. from the first signs of 
non-acceptance such as red spots till complete, black necrosis -
varied between 3-9 days. 
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Histology. 
At the completion of allograft rejection the animals were sacri­
ficed and lymphoid organs removed for histological examination. 
All left axillary nodes still showed extensive immunoblast reactions 
in the paracortical areas (plates 1 4  and 1 6) .  The right axillary 
lymph nodes, which drained the control autografts, showed minimal 
immunoblast activity if any. It should be mentioned that in this 
experiment outer cortical repair which normally manifests itself 
by the 7th post-irradiation day was markedly retarded. Occa­
sionally even 1 2  days after the irradiation reappearance of 
marginal zone cells had hardly begun. 
The experiment was rep�ated on 4 X 2 rabbits in order to follow 
the course of the allograft induced paracortical immunoblast re­
action. Each time the left and right (control) axillary lymph node 
in two animals was removed 2, 4, 6 and 8 days following skin 
grafting. The first signs of a paracortical immunoblast reaction 
were present already in the 2 days' biopsies; they rapidly developed 
into strong reactions on the 6th and 8th day. No repopulation 
repair of the outer cortical region was observed in these animals. 
3. Repeated total body X-irradiation with the thymus shielded, followed after 
24 hrs. by (sub ) cutaneous antigen administration. 
Histology. 
The antigens were administered 1 t or 3 d. following the last 
X-irradiation HGG, ferritin and Salmonella Java vaccine were each 
injected subcutaneously, and oxazolone was applied on the skin 
surface as described before. In each animal two different antigens 
were used: one in the left scapular region draining on the left 
axillary lymph node, and the other in the left hind leg draining on 
the left popliteal lymph node. The lymph nodes were removed for 
histological examination from 2 through 8 days after antigen ad­
ministration. All observations were again in duplicate. Contra­
lateral lymph nodes taken at the same moments served as controls. 
Oxazolone, ferritin and HGG elicited clear immunoblast re­
actions in the paracortical areas of the regional lymph node; as 
b �fore the most vigorous reaction was induced by oxazolone (plates 
1 3  and 1 5) .  In each case paracortical immunoblasts were already 
present 2 days following antigen administration and maximal ac-
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tivity was obtained at 4-6 days. During these responses the para­
cortical areas again demonstrated a characteristic mottled ap­
pearance by virtue of light spots representing non-phagocytic 
reticular cells. Lastly, as in the once irradiated-thymus shielded 
series, circumscript outer cortical immunoblast aggregates were ob­
served, presumably representing 'isolated' germinal center re­
actions, from th:: 4-5th day onward following both ferritin, HGG 
and oxazolone. Only minimal immunoblast reactions were ob­
served in the paracortical areas following Salmonella Java vaccine. 
These did not differ significantly from the slight reactivity some­
times seen in control lymph nodes. 
Autoradiography. 
In the same way as discussed in section A of this chapter - i.e. in 
animals subjected to one total body X-irradiation with the thymus 
shielded followed after 24 hrs. by antigen administration, see p. 62 -
the immune responses on ferritin and oxazolone were examined 
daily by means of 3H-thymidine-autoradiography. From 1-5 days 
following antigen administration in both hind legs 48 hrs. after the 
last total body X-irradiation, two animals each, moreover, received 
50 t-tC 3H-thymidine ( 1 00 ftC in 1 ml. 0.9 % saline, spec. act. 
25,000-27,000 mCfmM) equally subcutaneously in both hind legs. 
L-;:ft and right pop1iteal lymph nodes were removed after 1 hr. and 





• I I lllys 
Fig. 5. 3H-thymidine injection schedule, used in 'SCR-isolation system' (fig. 3), 
to trace the SCR after challenge with oxazolone and ferritin. 
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The results corresponded completely to those described for fer­
ritin in animals irradiated once with the thymus shielded. 
lmmunoblasts and a few medium-sized elements - presumably 
transitional cells - were the only lymphoid cells incorporating the 
3H-thymidine. They were observed in all l hr.-biopsies in the para­
cortical areas from the second day on with a maximum number at 
4 or 5 days following the antigen. Labeled medium-sized and small 
lymphocytes were the only labeled cells observed in the 24 hrs. 
biopsies. No plasmacells were observed by the criterion of 3H-in­
corporation and no 3H-incorporation was found (in such occasional 
cells as happened to be present) in the outer cortex except for the 
isolated germinal center reactions mentioned above. 
DISCUSSION 
It will be clear that the immune responses as observed histologi­
ally in the lymph nodes of rabbits subjected to three total body ir­
radiations with thymus shielding, in every respect correspond to those 
in animals irradiated - with the thymus shielded - only once. 
This holds for the immunoblast reactions elicited in the paracortical 
areas by ferritin, HGG and oxazolone. It equally obtains for the 
specific cellular character of these reactions evidenced by auto­
radiography; and lastly it is the case as far as skin allograft rejection 
is concerned. In both experimental situations the various antigens 
used - with the exception of Salmonella Java vaccine - could be 
shown to evoke unequivocally a specific cellular immune reaction 
and this reaction could be obtained in an 'isolated' form. 
The latter group of experiments, involving three irradiations with 
thymus shielding, just adds one dimension to the results : it can be 
concluded that the lymphocyte population - responsible for these 
'isolated' specific cellular responses and representing precursor cells 
- comists of thymus-derived cells. This conclusion is based on a 
comparison with experiments in which three irradiations identical 
to these used here - but for the thymus shielding - completely 
destroyed the lymphocyte population of the 'thymus dependent 
areas' throughout the peripheral lymphoid tissue. The experimental 
conditions obtaining in the 'isolated SCR-system' as described, 
notwithstanding the rather 'sophisticated' X-ray treatment, would 
seem to represent the most physiological experimental system for 
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proving thymocyte cell traffic and thymocyte immunocompetence 
in the kind of reactions studied. 
The changes observed in the thymus itself in the course of these 
experiments again suggest a regulatory mechanism. In these three 
times irradiated rabbits the shielded thymus manifested a thy­
mocyte depletion, presumably by increased thymocyte-output, 
even without 'immunological consumption' by antigen-induced 
immunoblast reactions. In the same way a compensatory thymo­
cyte production - presumably from bone-marrow derived 'lym­
phocyte-like' lymphoid stem cells (cf. DuKOR c.s. 1965) - was more 
pronounced in these 3 X irradiated animals. 
Lastly it may be concluded that the experimental system described, 
in which a specific cellular thymus dependent component of the 
immune response against various antigens could be established in a 
nearly purely isolated form, does create ideal possibilities for electron 
microscopical investigation of this specific cellular component with­
out contaminating immune reactions. 
ll. Submicroscopical observations on specific cellular im.­
m.une responses in the lym.ph node. 
Phase contrast and electron microscopical analyses were performed 
at representative moments from the reactions upon HGG, ferritin, 
oxazolone and skin allografts in 'isolated SCR-systems' .  Table I (p.t.o.) 
summarizes the irradiation data, time of antigen administration, 
antigens used and moments at which lymph nodes were examined. 
From these lymph nodes approx. 500 p, thick slices were cut and 
fixed. Appropriate pieces were taken from these fixed slices with 
aid of a dissecting microscope and embedded in epon (see p. 42) .  
O n  the average 5 blocks were obtained from each node. From these 
blocks 1-2 p, sections were stained with crystal violet-basic fuchsin, for 
light microscopical examination. Only those blocks from which the 
sections allowed unequivocal orientation as to outer cortex, para­
cortical areas and medulla, were further processed. Guided by 
light-microscopically observed, correctly localized blast-reactions, 
the blocks were trimmed in such a way as to allow ultra-thin 
sectioning for phase contrast and electron microscopy. Though the 




TABLE J .  
EM analyses of the specific cellular immune response: Schedules of X-irradiation, antigen administration and time of lymph 
node excision 1 
Experimental System 
RoTOT450R - 24 hrs - AGe. 
THYSH/RoTOT450R - 24 hrs AGe. 
THYSH/RoTOT450R - 24 hrs - AGs.c. 
THYSH/RoTOT450R - 24 hrs - AGs.e. 
(THYSHJRoTOT450R - 14 d. )'• - THYSH{RoTOT450R - 48 hrs AGe. 
(THYSH/RoTOT450R 14 d.) 2' - THYSH/RoTOT450R - 48 hrs - AGs.e. 












I Days after antigen 1 
I 4 
I 2 & 4 --
I 4 
I 4 
I 2, 4 &  6 
I 4 
I 2, 4 & 6 
included in toto, in a number of cases it was nevertheless possible to 
include the outer cortex, part of a paracortical area and of the 
medulla into one section. 
A basic pattern of interdigitating reticular cells in the paracortical areas. 
The most characteristic cell of the basic pattern of reticular cells 
in the paracortical areas - present in the lymph nodes of both 
normal and irradiated animals - was a cell type that was named 
interdigitating cell (IDC) after its typical arrangement as seen in 
electron micrographs (plates 35, 36) . The elements could easily be 
distinguished from phagocytic cells and from reticular cells which 
are closely associated with extracellular fibrillar material. 
In methylgreen-pyronin stained light microscopical sections and 
in ultra-thin phase contrast sections contrasted with PSMA or 
Chr-SMA these cells are recognized by their most bizarre nuclei 
(plates 8, 9, 1 2, 1 6, 26 and 42, 43) if they are focussed in one plane. 
These nuclei have a light staining chromatin pattern, partly as a 
very thin layer associated with the nuclear membrane, and a small 
though distinct nucleolus. The rather large mass of cytoplasm 
shows two main features : (i) the cytoplasm interdigitates in a 
characteristic way between neighbouring elements and (ii) it 
contains a complex of vesicles and sacs which was named tubulo­
vesicular system (TV) as shown in plates 35, 38 and 39. The 
contents of this TV -system was intensely blackened by periodic 
acid-orchromicacid-silvermethenamine staining (plates 35, 38) .  
In electron micrographs this corresponded with a considerable 
electron density. No blackening was observed if periodic or chromic 
hydrolysis was omitted (plate 39) . After uranyl acetate-lead citrate 
staining the TV-system showed only minimal electron density. 
The two silver methods have been postulated to represent an 
equivalent of the PAS-staining in light microscopy (MovAT 196 1 ; 
CARDNO and STEINER 1965; DE MARTINO and ZAMBONI 1967) in­
dicating the presence of glycoproteins (RAMBOURG c.s. 1 967, 1969; 
HERNANDEZ c.s. 1 968 ; NEUTRA and LEBLOND 1969) . In a number of 
interdigitating cells the perinuclear cisterna equally contained a 
PSMA-positive substance (plates 35 and 39) . The tubulo-vesicu­
lar system appeared to have some relation with the Golgi apparatus 
on the one hand and with the interdigitating cell membranes on the 
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other (plates 35, 37, 40) . The Golgi vesicles sometimes contained 
silver-positive material with a gradient of increasing contrast 
towards the TV -system (plate 38) . The complicated structure of 
the interdigitating cell membranes was always also marked by the 
presence of silver-positive material, which would seem to represent 
a coating with the substance produced by the TV-system. This 
coating might cause neighbouring cells to adhere closely to each 
other throughout the interdigitations (plates 40, 41 ) . 
The interdigitating cells were never found to contain phagocytos­
ed material ; on the other hand phagocytic reticular elements never 
showed interdigitations. Mitochondria of IDC's were of the 
slender type. Sometimes the cytoplasm contained a few strands of 
rough-surfaced endoplasmic reticulum in the form of typical 
'whorls' (plate 39) . A small number of mono- and polyribosomes 
were always present and also bundles of intracytoplasmic filaments 
(plate 36) were sometimes found. 
The typical pattern of closely adhering interdigitating cells was 
only observed after a most exacting preparative technique. If 
lymphoid slices were used with a thickness exceeding 400-500 ft, 
a b 
Fig. 6. a. Tracing of electron micrograph: interdigitating cells in paracortical 
area of the lymph node. 
b. Tracing of electron micrograph: interdigitating cells and thymus-derived 
immunocompetent cells (ly.) in between. 
IDC: interdigitating cell; LyscR: immunocompetent cells for SCR. 
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fixation artifacts occurred resulting in enlarging of intercellular 
spaces and the pattern of interdigitation was lost. 
The basic structure of these interdigitating cells was observed in a 
most 'pure' form in those lymph nodes in which lymphoid cells 
were completely absent from the paracortical areas, as in the 
'antibody response-isolation system' (chapter V). In the lymph 
nodes obtained from 'SeR-isolation system' animals, lymphocytes 
and immunoblasts representing specific cellular reactions to be 
described presently were lying between the elements of the inter­
digitating cell pattern. Figures 6a and b schematically demonstrate 
the way in which thymus-derived, presumably SeR immuno­
competent cells are lying between the interdigitating cells. 
Immunocompetent cells for a specific cellular immune response; 
Transitional elements between lymphocytes and SCR immunoblasts. 
As mentioned on p. 67, the experimental system of 3 times re­
peated sublethal total body irradiation with the thymus shielded is 
the only one in which the cells populating the paracortical areas 
are exclusively thymus-derived for a number of days, and apparently 
constitute a class of immunocompetent cells for specific cellular 
immune reactions (IeeseR) .  In plates 40 and 4 1 ,  representing 
this situation, these thymus-derived lymphocytes are shown in­
corporated in their surroundings of interdigitating cells. The nuclei 
have a characteristically compact mass of chromatin material with a 
small nucleolus observable in occasional cells. These cells have a 
comparatively small mass of cytoplasm with small round to oval 
mitochondria, a relatively large quantity of monoribosomes and a 
small Golgi apparatus. Occasionally solitary strands of rough­
surfaced endoplasmic reticulum are observed and a number of 
electron dense granules surrounded by a membrane, possibly 
representing lysosomes. In the biopsies of the 4th day after antigenic 
stimulation, when immunoblasts were already present in fair 
numbers (cf. p. 7 1 ) , cells were observed the diameter of which was 
between that of thymus-derived lymphocytes and of immunoblasts. 
These elements probably represented transitional cells between 
lymphocytes and SeR-immunoblasts. The nucleus was that of a 
blast cell, with an 'open face' 1 character, i .e. dispersed chromatin 
1 Ham - Textbook of Histology. 
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and one or two relatively large nucleoli ;  the cytoplasm contained a 
few polyribosomes, though the majority of ribosomes were mono­
ribosomes. Among these cells two types could be clearly distinguish­
ed, one with a low and the other with a high electron-density of the 
cytoplasmic matrix. The difference was particularly clear following 
PSMA- and Chr-SMA-treatmcnt and is shown in plates 53 
and 54. A similar difference, though definitely less outspoken, 
would seem to exist among the thymus-derived lymphocytes. 
Immunoblasts of specific cellular immune responses. 
The immunoblasts which made their appearance between the 
thymus-derived lymphocytes upon antigenic stimulation by oxa­
zolone, HGG, ferritin or skin allografts were essentially similar. 
The most characteristic submicroscopic features were the following. 
These cells had a large nucleus with a nuclear membrane showing 
numerous nuclear pores with diaphragms (plates 46 and 4 7) . 
Only a small quantity of compact chromatin was seen, most of it 
along the nuclear membrane. One or two large nucleoli were usu­
ally observed. The cytoplasm contained a small quantity of rough­
surfaced endoplasmic reticulum (RER), free ribosomes - mostly 
polyribosomes - and a large Golgi apparatus as shown in plates 44, 
46 and 50. The RER consisted of a few short lamellar strands 
dispersed through the cells (plates 46-49) and quite distinct from 
the characteristic long and branching RER-lamella of immature 
plasmacells in which protein precipitate is usually observed (cf. 
plates 73 and 74) . 
Among these immunoblasts again two types could be distinguish­
ed, one with a low and the other with a high electron-density of 
their cytoplasmic matrix as in the case of the presumably transitional 
cells mentioned above. This difference of electron-density was also 
seen in the matrix of the nucleus and that of the mitochondria. 
Again it was hardly seen following Ua-Pb staining (plates 46 and 47) 
but very conspicuous in PSMA- and Chr-SMA-stained sections 
(plates 44, 45, 50, 53 and 54) . The difference between 'dark' and 
'light' cells was also unmistakable by phase contrast microscopy 
of P(Chr-) SMA-stained sections. 
Apart from this difference in electron-density of the cellular 
matrix, these cells also differed in their number of polyribosomes. 
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The 'dark' immunoblasts had definitely more, and more densely 
packed, polyribosomes (plates 48, 49) . The 'dark' cells moreover 
had irregular mitochondria, in contrast to the more vesicular ones 
of the 'light' category. 
These two types of immunoblasts were observed both following a 
single sublethal total body irradiation and in animals which were 
3 X repeated irradiated with the thymus shielded. They were 
always seen simultaneously and following each of the antigenic 
challenges though in various proportions. Following oxazolone and 
skin allografting the dark variety appeared to predominate, where­
as the light cells prevailed in the reactions upon HGG and 
ferritin (plates 47 and 50) . Upon re-examination of methylgreen­
pyronin stained light microscopical sections 'dark' and 'light' cells 
would seem to correspond with strongly and lightly pyroninophilic 
immunoblastic elements respectively. 
Committed end-cells of specific cellular immune responses. 
The light microscopical observations and autoradiographic ex­
periments demonstrated that the specific cellular immune responses 
in the paracortical areas were essentially asynchronous processes. 
This results in the simultaneous presence, e.g. 4 days after antigen 
administration or skin allografting, of all cellular elements success­
ively developing in the course of the reaction. This situation renders 
the correct interpretation of the cell types to be ob3erved extremely 
difficult. Particularly the end-cells of the specific cellular reaction 
are difficult to distinguish with certainty from the cells of origin and 
the transitional cdls (plates 5 1-54) . Nevertheless with this restriction 
cells that might represent these end-cells were observed in the 
lymph nodes which were removed 4 days following antigenic ad­
ministration. These cells had all the submicroscopical constituents 
of the SCR-immunoblasts as described. Consequently they might 
be classified as 'medium-sized' lymphocytes only with the cell size 
definitely smaller. Again an 'electron dense' and an 'electron lucent' 
type could be distinguished. The nuclei of these cells were charac­
teristic 'open face' nuclei i .e. with little or no condensed chromatin 
fragments, and with one or two large nucleoli. This nuclear pattern 
suggests that these cells might not represent fully differentiated 
end-cells. All of these cells, had a large Golgi apparatus consisting 
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of numerous lamellar cisternae and microvesicles which did not 
contain observable enclosed material. The 'electron dense' cell­
type had densely packed clusters of ribosomes, a few lamellae of 
rough-surfaced endoplasmic reticulum containing no electron 
dense protein precipitate and compact, irregular mitochondria. 
The 'electron lucent' type was characterized by monoribosomes 
predominating over polyribosomes, by occasional rough-surfaced 
endoplasmic sacs without electron dense precipitate and by 
vesicular mitochondria. 
Following HGG administration real 'small lymphocytes' were 
also observed in the paracortical areas. They had a typical 
condensed-chromatin type nucleus and, upon PSMA-staining, 
electron lucent cytoplasm (plate 5 1 ) .  These cells were easily 
distinguished from the thymus-derived small lymphocytes as 
seen on plate 40, and from the small lymphocytes observed in the 
medullary sinuses after ferritin (plate 52) . 
It will be clear that the end-cells of these specific cellular reac­
tions could have been unequivocally determined only by means of 
high-resolution (electron microscopical) autoradiography along the 
princi pies applied in the light microscopical part of this investigation. 
Apart from the above described elements which constitute a cell 
equipment directly related to specific cellular reactivity, the para­
cortical areas contained various structures like epitheloid venules, 
phagocytic cells marked by their ingested material, occasional 
neutrophils and fibrocytic or indifferent reticular cells associated 
with collagenic fibrils. This fibrillar material, in which PSMA­
staining beautifully showed periodicity, condensed into distinct 
rather narrow fibre networks at the border with the medulla and 
between paracortical areas. The accompanying reticular or fibro­
cytic cells had long cytoplasmic processes containing a number of 
wide rough-surfaced endoplasmic reticular cysternae without 
visible precipitate. The nuclei were round to oval and had a con­
densed chromatin type {see covermicrograph and plates 5 1  and 52) . 
They are not easily delineated from phagocytic reticular cells, as 
they would seem to contain ingested particles and lysosomes 
(plate 52 and cover micrograph) . 
Occasionally free floating reticular cells were observed in what 
would appear to be or to become medullary sinuses. This situation 
80 
might consequently correspond to what has been interpreted by 
van Buchem (see p. 22) as cortical tissue broken down to medullary 
strands and medullary sinuses. It should be noted, however, that 
our observations do not support the idea of this 'dissolution' of 
cortical tissue occurring on a large scale. 
DISCUSSION 
Submicroscopical analysis of the specific cellular immune re­
sponses in the lymph node provided information of which two aspects 
deserve particular attention: the presence in the paracortical areas 
of interdigitating cells as special elements of the basic cellular reticu­
lum (i) , and the recognition of two types of immunoblasts, or rather cell 
lines (ii) . 
Light and phase contrast microscopy only revealed the bizarre or 
even lobulated, lightly staining nucleus and pale cytoplasm of the 
interdigitating cells. PAS-staining demonstrated the presence in 
the cytoplasm of PAS-positive granules. Electron microscopy 
allowed the observation of two characteristic features of these cells, 
the first is the interdigitations in which the cell membranes tightly 
adhere both between neighbouring cells and to the thymus-derived 
lymphocytes in this cellular pattern. The second feature is the pres­
ence of an elaborate tubulo-vesicular (TV) system in the cytoplasm 
of these cells. By means of silvermethenamine staining the contents 
of this system would seem to be a substance with a carbohydrate 
moiety. The preservation of this substance throughout the prepara­
tive procedure would support the hypothesis that the compound 
might be a glycoprotein. The production and accumulation of this 
substance in the vesicles, tubules and even in the perinuclear cisterna 
was not dependent on antigenic stimulation as shown by controls. 
Moreover, it is not affected by the irradiations used. Lastly its pres­
ence is not related to the presence of a thymus or thymus-derived 
cell system as shown by the experimental system indicated as 'AR­
isolation system' (chapter V, p. 86) . By whatever factors its pro­
duction, storage or eventual elaboration may be governed, the 
intensive SMA-staining of the cell membranes of the IDC's 
and IDC-ectoplasm suggests a coating of the cell membrane with 
this substance. As a working hypothesis it seems logical to presume a 
functional relationship between the presence of interdigitating cells 
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- exclusively in the paracortical areas - and the homing and im­
munological reactivity of thymus-derived cells in these same areas. 
The intimate contacts between cytoplasmic extensions of thymus­
derived lymphocytes and interdigitating cell membranes { cf. plates 
40 and 4 1 )  strongly resembles the contacts of outer cortical and 
follicular lymphocytes with the cytoplasmic processes of the den­
dritic cells of the outer cortex (cf. plates 56, 59 and p. 96) . In this 
latter case, however, it has been demonstrated that antigen is caught 
and retained on the dendritic cell membrane. Now it may again be 
emphasized that data about antigen localization or retention in the 
paracortical areas are completely lacking. In fact localization of 
particularly those antigens that are known to elicit specific cellular 
immune responses like contact sensitizers and transplantation an­
tigens has never been appropriately investigated. High resolution 
electron microscopical autoradiography or enzyme labeling pro­
cedures will be necessary to test the hypothesis that antigens which 
elicit specific cellular immune responses are retained in or on the 
membranes of the interdigitating cells in the paracortical areas of 
the lymph node. 
The two types of immunoblasts observed in the specific cellular 
immune responses studied differed in two respects, viz. in the 
electron-density of cytoplasmic matrix particularly after PSMA­
staining and the ribosomal-polyribosomal ratio. Following oxa­
zolone application and skin allografting the electron dense variety 
with its high content of polyribosomes predominated, after ferritin 
and HGG-administration the electron lucent type prevailed, 
most markedly in the anti-HGG response. The meaning of this 
difference is not clear. First of all the possibility of an artifact should 
be envisaged. As, however, both types were observed next to each 
other in preparations which showed particularly good preservation 
the possibility of an artifact would not seem to provide a plausible 
explanation. The possibility of one of these cell-types representing 
an intermediary and transitory stage of development, though not 
very probable, could not be excluded with certainty, as the end-cells 
could not be assessed electron microscopically in these experiments. 
Similarly the observation of electron dense and electron lucent 
cells in the plasmacell reaction (see chapter V, p. 1 0 1 ) , could be 
interpreted as an indication that in general two really different cell 
lines may be involved in either reaction (AR and SCR) of the 
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immune response. If the existence of two cell lines is real, it can be 
useful to speculate on their possible respective significance. In 
chapter V, wher .... the plasmacell reactions are described, the hy­
pothesis will be presented that the two cell types might represent cell 
lines responsible for the production of different immunoglobulins. 
A comparable difference might obtain in the case of specific cellular 
immune responses where the specificity of the end-cells is presum­
ably due to the presence in or on their cell membranes of some sort 
of antibody-like substance which enables the end-cells to recognize 
their corresponding antigen. 
Another possibility is suggested by the observation that electron 
lucent immunoblasts predominate in the specific cellular reactions 
against ferritin and especially against HGG. As suggested in 
chapter III and shown in chapter V, the anti-HGG antibody 
response in the rabbit proved to be thymus-dependent. On the basis 
of the earlier (p. 1 4) mentioned experiments by Miller and 
Mitchell (and others) this may mean that antigen-recognition by 
thymus-derived cells is required for the induction of non-thymus 
derived plasmacell precursors. Both Davies c.s. and Miller and 
Mitchell (cf. p. 1 08) have found a 'mitotic wave' of thymus-derived 
cells following subcutaneous or intravenous ( ! )  introduction of 
sheep red blood cells in mice. The occurrence in our experiments 
of electron lucent immunoblasts in the 'isolated' specific cellular 
immune response against HGG might be conceived to represent 
a similar process. A preliminary experimental approach of this 
hypothesis by means of cell transfer experiments will be described 
in chapter VI. 
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CHAPTER v 
RADIOLOGICAL SEPARATION OF ANTIBODY RESPONSE 
AND SPECIFIC CELLULAR IMMUNE RESPONSE: 
AN ISOLATED AR-SYSTEM 
The experimental situation introduced by KEUNING and VAN DEN 
BROEK (cf. chapter I, p. 1 0) - viz. radiological or surgical thymec­
tomy combined with 3 X repeated sublethal total body irradiation 
providing a permanent loss of specific cellular immune responsive­
ness with intact antibody forming capacity - was used as the basic 
experimental system. In this part of the investigation the cellular 
changes in the lymph nodes representing the antibody response in 
an isolated form were analyzed both light microscopically and elec­
tron microscopically. For practical reasons the irradiation schedule 
was modified as follows : 
•• •• THYIIf. THYI.c THY I.e THY I.e 
r ! ! 
I "''In 
Fig. 7. X-irradiation schedule for achievement of an 'AR-isolation system'. 
It may be noted that two in stead of three sublethal total body ir­
radiations were given. This modification did not noticeably in­
fluence the results. As in the original procedure ( cf. plate 1 )  the 
thymus dependent areas in the whole lymphoid system were totally 
depleted of lymphoid cells (plates 19, 28 and 29) . In the lymph 
nodes the main histological features were : a complete absence of 
lymphocytes from the paracortical areas, which nevertheless main­
tained themselves as distinct structural entities, and the repop­
ulation - in the course of 3-4 weeks - of the outer cortex with a 
non-thymus derived lymphoid cell population : consisting of a 
band of small lymphocytes and marginal zone cells in which lym-
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phoid follicles were present. Primary follicles, at first largely con­
sisting of marginal zone cells, reappeared in approx. 2 weeks. 
Later on secondary follicles developed. The whole picture closely 
corresponds to those described in neonatally thymectomized or 
ALS treated animals. 
The fact that adult rabbits following thymectomy (surgical or 
radiological) combined with repeated sublethal total body irra­
diation - while lacking cellular immune responsiveness - exhibited 
normal antibody responses, both primary and secondary, with more 
or less normal antibody titers against Salmonella Java flagellar 
antigen (KEUNING and VAN DEN BROEK 1968) suggested the use of 
animals thus treated for an investigation of the course of the plasma­
cell response in the lymph node. No accompanying spxific cellular 
response was to interfere with the correct interpretation of the 
changes observed. The conditions were favourably simplified as 
far as lymph node histology was concerned. In these experiments the 
same antigens as in chapter IV were used. 
I. Histophysiology of antibody responses in the lymph node. 
Antibody responses in rabbits following repeated sublethal total 
body irradiation with periodical irradiation of the thymus : an 
'isolated AR-system' .  
Salmonella Java vaccine. Five rabbits were pretreated according to 
the irradiation schedule of fig. 7, and subsequently received Sal­
monella Java vaccine subcutaneously in both hind legs. Popliteal 
lymph nodes were histologically examined 1-5 days after vaccine 
administration. 
Already 24 hrs. after antigen injection numerous large pyronino­
philic immunoblasts were observed throughout the outer cortex 
amidst marginal zone cells and small lymphocytes (plates 20 and 23) . 
Cell types which were morphologically intermediate between mar­
ginal zone cells (or small lymphocytes) and immunoblasts were 
present in large numbers, both in primary follicles and in outer 
cortical areas between the follicles. In the paracortical areas and 
on the borderline between cortex and medulla no primary lympho­
cytic reactivity whatsoever was observed. On the other hand sol­
itary immunoblasts were already present in the lymphocyte-de-
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pleted paracortical areas, apparently having moved in from the 
outer cortex (plate 2 1 ) .  The majority of immunoblasts originating 
in response to this particular antigen possessed a decidedly dark 
pyroninophilic cytoplasm. This point will be discussed later on. 
It should be stressed that morphologically the immunoblasts ob­
served cannot be specifically recognized as plasmablasts. Their pre­
sumably plasmablast nature is only suggested by their apparent de­
velopment into immature and mature plasmacells which can indeed 
be recognized as such. 
On the 2nd day after antigen administration the outer cortical 
immunoblast response had definitely increased in intensity-greater 
numbers of immunoblasts and transforming precursors occurred. 
In addition a regular flux of immunoblasts from the outer cortex 
towards the medulla had begun. This latter process was at its 
height on the 3rd day. Numerous large pyroninophilic cells which 
could definitely be recognized as immature plasmacells - mainly by 
the slightly eccentric position of the nucleus and the presence of a 
juxta-nuclear Golgi zone - were observed in the previously de­
pleted paracortical areas. Many mitoses were observed among these 
cells. The majority of these cells, which apparently were moving 
towards the medulla, however, were seen in corridors alongside or 
between the paracortical areas ( cf. plates 19 and 2 1 ) .  In all of these 
stages, described so far, the characteristic dendritic cells with their 
slightly orange-coloured irregular cytoplasm, could be seen in the 
outer cortex between marginal zone cells, transitional (inter­
mediate) cells and immunoblasts. In the depleted paracortical 
areas the enormous number of interdigitating cells with their char­
acteristically lobulated, faintly stained nuclei, dominated the 
picture, which suggested that these cells were largely responsible 
for the maintenance of these areas as morphological entities. 
On the 4th day, i.e. the usual moment, germinal center reac­
tions had begun with the appearance, mostly in primary follicles, 
of compact aggregates of immunoblasts. 
On the 5th day germinal center activity had developed along 
normal lines with fewer immunoblasts, more numerous medium­
sized lymphoid cells and 'tingibele Korper'-macrophages. At this 
moment plasmablast forming activity is clearly over: plasmacells, 
most of them mature and only a few immature ones still, had 
largely accumulated in the medullary cords. Accordingly the 
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paracortical areas had resumed their depleted aspect, whereas 
the outer cortex had equally returned to its normal histology with 
small lymphocytes and a few layers of marginal zone cells bordering 
the subcapsular sinus, with the exception of the still active germinal 
centers. 
Ferritin. The experiments just described were repeated with 
ferritin as the antigen. From 2 X 1 1  rabbits, pretreated as indicated 
in fig. 7, axillary and/or popliteal lymph nodes were removed for 
histological examination (0 hrs.) 3, 6, 1 2, 1 5, 18, 24 and 36 Ius. ,  
and 2, 3, 4 and 5 days after antigen administration. 
Either 1 2  hrs. or 18 hrs. following the antigen injection the first 
immunoblasts, presumably plasmablasts, were found in the outer 
cortex. 
At 24 hrs. and 36 hrs. their numbers had considerably increased, 
in fact markedly above the numbers observed in the Salmonella 
Java vaccine experiment. Again morphologically intermediate cell 
types, interpreted as transitional between marginal zone cells (and 
possibly small lymphocytes) and plasmablasts, were seen especially 
in the outermost cortical cell layers among dendritic cells and often 
protruding into the subcapsular sinus. 
From 36 hrs. onwards, throughout the 2nd and 3rd day, large 
numbers of immature plasmacells, many of them in mitosis, were 
again observed 'wandering' from outer cortex towards medulla. 
The smaller part of them apparently moved through the paracorti­
cal areas, the majority followed corridors alongside or between para­
cortical areas, as in the Salmonella Java vaccine experiments. On 
the 4th or 5th day germinal centers first appeared in the lymphoid 
follicles of the outer cortex. By this time plasmablast forming activ­
ity in the outer cortex had completely subsided and even the para­
cortical areas hardly showed any signs of the plasmacell popu­
lation having passed only a short time (24 hrs.) ago, and now 
filling the medullary cords. 
In contrast to the Salmonella-induced plasmacell reaction in 
which darkly pyroninophilic elements predominated, the ferritin 
stimulated lymph nodes moreover contained a distinctly light­
staining class of plasmacells (plasmablasts, immature and mature 
plasma cells) . These two types were present simultaneously at all 
stages of the plasmacell response. They would seem even to be 
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represented in two classes of marginal zone cells (cf. plates 23 and 
26) . We will return to this aspect in the section on the electron 
microscopy of the plasmacell reaction (p. 93) . 
Oxazolone. Axillary and/or popliteal lymph nodes were again 
removed from similarly pretreated rabbits, two each from the 1 st 
to the 4th day after oxazolone application to appropriate skin sites. 
Outer cortical immunoblasts (plasmablasts) had appeared 24 hrs, 
following skin application of the sensitizer. Their numbers clearly 
exceeded those ob3erved following Salmonella Java vaccine and 
ferritin. In its further course the plasmacell reaction against oxa­
zolone largely proceeded along the general lines observed with the 
latter two antigens, but for two definite, minor points. First the 
formation of plasma blasts in the outer cortex continued throughout 
the 4th day. The effect was an equally continued flux of massive 
numbers of immature plasmacells through( !) (plates 24 and 26) 
and alongside the paracortical areas. One might even have doubted 
as to the plasmacell nature of these elements which flooded the 
paracortical areas, if not their light microscopical features had not 
been unequivocal (plate 26) . Secondly, as in normal, non-irradiated 
animals (p. 54) the application of oxazolone gave rise to an influx 
of darkly stained, non-thymus-derived small lymphocytes into a 
broad zone of the outer cortex during the first 48 hrs. 
4 Days after oxazolone application germinal center reactions 
appeared in the follicles of the outer cortex, as in the foregoing ex­
periments (plates 24 and 25) . 
Horse gamma globulin. Axillary and/or popliteal lymph nodes were 
examined 1 8, 24, 36 hrs. and from the 2nd to the 5th day following 
subcutaneous injection of HGG into rabbits ( total : 7 x 2) pre­
treated like before. 
No plasmacell reaction whatsoever was observed in any of these 
lymph node biopsies. Quite surprisingly the HGG antigen did 
elicit an accumulation of non-thymus-derived small lympho­
cytes in the outer cortex, corresponding to that observed following 
oxazolone. 
On the 5th day following HGG administration active germinal 
center reactions had appeared. 
In all experiments reported so far the tlz)'mus was histologically 
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examined at completion of the experiment. Regeneration of thymo­
cyte production was not found in any of these cases. The reticula­
epithelial remnant, which always remains after irradiation, was 
recovered in the majority of the animals but never contained 
lymphoid cells. 
Skin allografts. Skin allografting was performed as described by 
BILLINGHAM and MEDAWAR ( 195 1 ) .  A skin allograft was applied to 
the left, a control autograft to the right scapular region of 6 X 2 
rabbits 28 to 30 day.> following the last total body irradiation. 
The animals had received their last local irradiation of the thymus 
region 7-8 days before grafting. Axillary lymph nodes were exam­
ined from two animals each 2, 4, 6 and 8 days after skin grafting, the 
left axillary nodes constituting the experimental, the right nodes 
the control ones. The fate of the skin transplants was followed for 
longer periods, but the removal of the regional lymph node clearly 
invalidates survival time as a reliable parameter of immunological 
competence. On th _ other hand, the histology of these experimental 
lymph nodes provides valuable information, notably as a comple­
ment to the 'SCR-isolation system'. Moreover, these skin graft 
experiments more or less constitute 'controls' of the separation pro­
cedure, monitoring the effectiveness of the (AR-isolation) . 
Both left, experimental, and right, control, nodes at days 2 and 4 
after skin grafting showed slight plasmacell reactivity. A small 
number of plasmab1asts was observed in the outer cortex and even 
in the depleted paracortical areas. These reactions had completely 
subsided in the 6- and 8-day biopsies. 
In the paracortical areas no immunoblast reactions that might 
represent specific cellular responses were observed whatsoever. 
Minimal germinal center activity was observed in occasional 
follicles of the 8-days' nodes. 
Taken together these observations confirmed the complete 
SCR-unresponsiveness against skin allografts. Moreover, no sig­
nificant plasmacell response against this type of antigen was found. 
Table II tabulates the skin allograft survival times in normal, in 
'SCR-isolation', and in 'AR-isolation' rabbits with and without 
removal of regional 1ymph nodes. 
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TABLE II.  
"Transplantation response" in normal, 'SCR-isolation' and 'AR-isolation systems'. 
EXPERIM ENTAL 
ALN/ "TRANS PLANTATI O N  R E S PO N S E "  SURVIVAL SYSTEM T I M E  
C O N T R O L S 7
1 
days 
Nr. 4 5 4 6  - c::::.:::= 11 days I 
4 5 4 7  - c::::::J.=::: 1 1  .. 
4 548 - c::ill::= 1 2  .. I 
4549 - � 1 5  .  
1 )  ! T HYS H I R OTOT. -14 d J2 - I I 
THYSH I R OTOT. I I 
4 5 5 0  - I - 1 6  . .  I 
4 5 5 1  
' 
1 2  - I � .. ' 
1 5  4 552 - I ,- .. ' 
4 553 - I I - 1 6  .  ' 
2497 
' 
1 2  - I •  .. ' ' 
13 2 4 9 5  - I : • .. ' 
2 5 0 5  2 days I • 30 ' .. 
2 4 6 3  4 " I I • 2 1  .. ' ' 
2 46 4  6 .. I •  12  " 
2 4 6 5  8 . . I - 30 .. 
2 )  THYLOC I R OTOT. rep. 
4000 - I • 2 9  . .  
4 0 0  - I - 3 1  " 
4 0 E 7  - I .9 28 .. 
2 5 1 0  - I - 46 .. 
2 3 4 5  2 days I - 64 .. 
2 3 3 9  2 .. I 19 18 .. 
2 3 4 0  4 . .  I f� 18 .. 
2 3 4 7  4 .. I - 1 0 5  . .  
2 3 4 1  6 .. 45 . .  
2 346 5 .. I - 64 . .  
2 3 4 3  8 .. I - 45 .. t 
2 4 6 7  8 . . 78 .. 
- rejection period. 
1 skin grafted 24 hrs after third sublethal total body X-irradiation with the 
thymus shielded (cf. fig. 3, p. 66) . 
2 skin grafted 7-8 days after last local thymus X-irradiation, 28-30 days ( !) 
after last sublethal total body X-irradiation (cf. fig. 7, p. 84) . 
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Thymuses, which had received their last local irradiation 7-8 days 
before skin grafting, were examined at the moment when skin allo­
grafts had been completely rejected (see table) . Though small these 
organs microscopically demonstrated a qualitatively normal histol­
ogy of both cortex and medulla. Regeneration - apparently -
had proceeded over the period elapsed since the last local irradiation. 
DISCUSSION 
The histological examination of the antibody response against 
oxazolone, Salmonella Java vaccine and ferritin in 'AR-isolation' 
rabbits permitted the following unequivocal conclusions. 
- The plasmacell reactions - the antibody response in its mor­
phological manifestation - were initiated in the outer cortex, more 
specifically in the outermost cell layers bordering the subcapsular 
sinus, i.e. in the very region where the antigen is first introduced in 
lymphoid tissue proper. With the 'weaker' antigens there would 
seem to be a slight prevalence of plasmablasts originating in the 
immediate neighbourhood of the follicles. The follicles in any case 
may be considered the major site of entrance for the particular class 
of lymphocytes involved, as shown by local irradiation of a lymph 
node ( cf. p. 98 and plate 22) . 
- The plasmacell reactions were initiated within 24 hrs. following 
introduction of the antigens. The processes which together con­
stitute the induction of as yet unidentified cell types transforming 
into plasmablasts take place within this short period of time. 
Plasmablast formation which was undoubtedly asynchronous under 
the conditions of these experiments resulted in the simultaneous 
presence of plasmacellular elements in various stages of trans­
formation and differentiation in later phases of the reaction. 
- The flow of immature plasmacells towards the medulla is a 
fairly rapid process. 
Taken together the induction process of a thymus-independent plasmacell 
reaction is exclusively localized in the outer cortex, more specifically in the 
cell layers immediately bordering the subcapsular sinus. 
The depletion of paracortical areas, the main feature determining 
'AR-isolation', did not noticeably affect the induction process but 
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only the later phases of the plasmacell reaction. The elimination of 
lymphoid cells which normally populate these TDA's apparently 
facilitated the flow of outer cortex-borne plasmacellular elements 
towards the medulla, where even highly immature plasmacells 
were observed in these experiments. Yet plasmacell flow was pre­
dominantly along or between rather than through the paracortical 
areas. Only when plasmablast formation in the outer cortex was 
massive ( oxazolone and ferritin) did immature plasmacells pass 
through the depleted paracortical areas on a large scale. The basic 
structure even of the paracortical areas would seem to favour the 
use of corridors alongside or between these areas. 
Th� induction by oxazolone of a plasmacell reaction in addition 
to a specific cellular response - suggested by the experiments in 
normal rabbits - was confirmed by the observation of an extensive 
outer cortical plasmablastogenesis in 'AR-isolation'  animals. This 
observation is in accordance with the demonstration by GELL, 
HARING TON and RIVERS ( 1946) of precipitating antibodies towards 
contact sensitizers in rabbits. In guinea pigs, in which oxazolone 
was originally thought to evoke delayed-type sensitization alone, 
WILSON and TuRK ( 1968) demonstrated antibody formation to 
occur in lymph nodes regional to the site of oxazolone application. 
These authors state ' . . .  it is important to keep in mind the possibility 
that 'oxazolone' may also stimulate the draining lymph nodes to 
produce circulating antibody and it is impossible at this stage to 
differentiate the events associated with the two responses of anti­
body-production and devdopment of delayed hypersensitivity' 
(p. 5 1 ) . The separation procedures used in the present investigation 
would seem to have solved this problem. 
The reactivity of the regional lymph node towards subcutane­
ously administered HGG differed essentially from that towards 
oxazolone, Salmonella java vaccine and ferritin. In 'AR-isolation' 
animals no plasmacell response at all was observed upon HGG­
administration. As serological estimation of anti-HGG anti­
bodies was not done, a minimal plasmacell reaction representing a 
weak antibody response, may consequently have escaped attention. 
Nevertheless the overall conclusion should be that the anti-HGG 
antibody response in the rabbit is - largely or completely - thymus 
dependent. The same dose of HGG, which in normal rabbits 
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elicited a strong plasmacell reaction and in 'SCR-isolation' animals 
and normal controls induced a marked TDA-bound specific 
cellular immune response, did not give rise to any noticeable plasma­
cell response in 'AR-isolation' animals in which the thymus­
derived cell system was completely absent. A similar situation i.e. 
a thymus-dep�ndency of the primary antibody response, would 
seem to obtain with regard to skin allografts which in normal ani­
mals evoke vigorous plasmacell, and specific cellular responses and 
in the 'SCR-isolation system' strong specific cellular reactions, but 
which in 'AR-isolation' animals induce minimal plasmacell for­
mation if any. Though HGG did not elicit a significant plasmacell 
response in the 'AR-isolation' system, germinal center reactions did 
appear and in fact made their appearance normally approx. 4 days 
after antigen administration. If germinal center reactions do indeed 
represent the production of memory cells (cf. p. 24) , it should be 
worth-while to test the possibility of anti-HGG secondary re­
sponses in 'AR-isolation' animals. The occurrence of germinal 
center reactions following skin allografting was questionable. 
II. Submicroscopical observations on the antibody response 
in the ly�nph node. 
Phase contrast and electron microscopical observations on the 
plasmacell response and related cell systems were done in lymph 
node material processed and selected following similar criteria as 
described in chapter IV for the specific cellular immune response. 
Only those ultra-thin sections were used in which control-light 
microscopy permitted accurate orientation as to lymph node 
overall structure, i .e .  with respect to outer cortex, paracortical 
area(s) and medulla. The investigation was performed along the 
following general lines. 
( 1 )  The basic structure of the outer cortex, i .e. in the absence of 
any lymphoid cells, was studied in lymph nodes taken from rabbits 
subjected to either 'SCR-' or 'AR-isolation' procedure, 1-4 days 
following the last total body irradiation. 
(2) The early repletion of the outer cortex with lymphoid cells 
was investigated in similar animals but 5-6 days following the last 
total body irradiation. 
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(3) Repletion of the outer cortex was also studied in 'AR­
isolation' type rabbits following local irradiation of the respective 
lymph node, i .e. an experimental system in which primary follicle 
repair occurred within 24 hrs. without any repopulation of para­
cortical areas (plate 22) . 
(4) The antibody response itself was investigated in 'AR-iso­
lation' pretreated animals (0) ,  6, 1 2, 1 8, 24, 36 hrs. and 2 and 3 days 
following subcutaneous introduction of ferritin; as before, all ex­
periments were performed in duplicate. 
A characteristic pattern of 'dendritic cells' in the lymph node outer cortex. 
While discussing the immune response in chapters III, IV and V 
we have repeatedly mentioned a type of cell characteristically 
occurring in the lymph node outer cortex, possessing branching 
cytoplasmic processes and named 'dendritic cell'. In methylgreen­
pyronin stained light microscopical sections these cells are recognized 
by their pale oval nucleus, distinct red nucleolus and pale-orange 
coloured cytoplasm (see plate 7 ) .  
Electron microscopically these cells showed up particularly clearly 
in lymph nodes in which the outer cortex was entirely depleted of 
lymphoid cells, i.e. 1-5 days after the last total body irradiation of 
the 'SCR-'  or 'AR-isolation' procedure (plate 55) . In these nodes 
a whole system of dendritic cells was found throughout the outer 
cortex: no regions of prevalence could be distinguished. Conse­
quently these cells are presumably present as a basic pattern of 
cellular reticulum both within and outside follicular structures. On 
the other hand their presence was strictly limited to the outer 
cortex proper, where they reached to within the subcapsular sinus. 
The electronmicrographs showed these cells to have a clear, slightly 
irregular nucleus with only a thin layer of nuclear envelope­
associated chromatin. The nuclear envelope usually exhibited small 
indentations but never to such extent that they resembled even 
remotely the bizarre nuclei of the interdigitating cells of para­
cortical areas. The nucleolus, if in the plane of section, was small. 
The most characteristic feature of these cells was the presence of 
numerous branching cytoplasmic processes together forming a 
labyrinth-like structure and justifying the name 'dendritic cells'. 
In a number of micrographs some broader cytoplasmic processes, 
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without much finer ramifications, could be followed over a con­
siderable distance (see plates 56 and 58) . From electron 
microscopical observation alone it is not clear whether these 
dendritic processes constitute a more or less fixed structural entity 
or whether they may represent pseudopods exhibiting ameboid 
movement and even permitting locomotion of the entire cell. The 
presence oflarge bundles of cytoplasmic filaments (plates 59 and 60) 
not only in the perikaryon but also in the larger cytoplasmic pro­
cesses does not throw more light upon this problem. The presence of 
occasional desmosomes between dendrites of adjacent cells (plate 60) 
- particularly in the depleted follicles - might support the hypothesis 
of a more or less fixed reticular pattern of dendritic cells. Apart from 
desmosomes the cell membranes exhibited small invaginations 
(plate 60) of markedly electron dense parts of the cell membrane, 
possible playing a role in pinocytosis. 
PSMA-staining revealed a small Golgi complex and small 
vesicles spread in the juxtanuclear region, both of these filled 
with PSMA-p03itive material. The latter was never found in the 
cisterna of the nuclear envelope, whereas often observed in the 
interdigitating cells of paracortical areas (cf. p. 75) . 
A minimal amount of rough-surfaced endoplasmic reticulum 
was usually found and so were small numbers of mono- and poly­
ribosomes (plate 59) . Apparently too few of these organelles were 
present to cause any noticeable cytoplasmic pyroninophilia. Mi­
tochondria were oblong to oval. 
When the outer cortex was in the process of being repleted with 
lymphoid cells - 5-6 days following the last total body irradiation in 
'SCR-isolation' animals - these lymphoid elements apparently 
found their way through the labyrinth of dendritic processes. With 
increasing numbers of lymphoid cells reappearing the dendritic cell 
reticulum is apparently loosened between the increasing masses 
of lymphocytes and marginal zone cells. In consequence dendritic 
cells were only occasionally seen; their dendritic processes, however, 
were always observed between the invading lymphoid elements. 
Though proportionally decreasing in number dendritic cell fine 
structure remained the same; these cells were found in normal lymph 
nodes - i.e. of non-irradiated animals - in a corresponding way. 
Figures 8a and b, representing contour-drawings from an electron 
micrograph without (a) and with (b) lymphoid cells drawn, clearly 
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show the interrelations between dendritic cells and non-thymus­
derived lymphoid elements. 
a b 
Fig. 8. a. Tracing of electron micrograph: dendritic cells in outer cortex of the 
lymph node. 
b. Tracing of electron micrograph: Dendritic cells. non-thymus-derived lym­
phocytes and marginal zone cells in between. 
DC: dendritic cells; MZC: marginal zone cells. 
ly's: 110n-thymus-derived lymphocytes (marginal zone cell-precursors) . 
It may be added that reticulum-(Gomori) and elastin-(orcei:n) 
staining of normal histological sections confirmed the loosening of 
the basic reticulum caused by 'infiltration' of lymphoid cells. 
Electron microscopically reticulum-fibre associated reticular cells 
('fibrocytes') and phagocytic reticular cells ( 'macrophages') were 
always found between the dendritic cells, from which they could, 
without exception, easily be distinguished. 
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Fine structure of immunocompetent cells for the antibody response: 
marginal zone cells and marginal zone cell-precursors. 
As in the case of the light microscopical observations the marginal 
zone cells also electron microscopically constituted a quite charac­
teristic class of cells, distinct from any type of small lymphocyte 
by nuclear and cytoplasmic features (plates 65, 66 and 77 ) .  The 
'open face' -type nucleus had a regular round to oval shape and 
contained one or two small nucleoli clearly standing out in the 
dispersed-chromatin-type nucleoplasm. The nuclear envelope had 
marked numbers of nuclear pores with diaphragms (plate 65) .  The 
cytoplasm contained one or two centrioles and numerous small 
round mitochondria often accumulated in one part of the cell. 
Mono- and polyribosomes were found in varying quantities (see 
below) . A few strands of rough-surfaced endoplasmic reticulum 
were always present, often connected with the nuclear envelope. 
The cisternae of endoplasmic reticulum and nuclear envelope did 
not contain an electron dense precipitate. A rather well-developed 
Golgi apparatus, consisting of numerous microvesicles and a few 
sacs, exhibited upon PSMA-staining intensive blackening of the 
vesicle contents and granules (plate 65) . Upon uranyl-lead staining 
this material had a moderate electron-density. PSMA-positivity 
again might possibly indicate the production of glycoprotein-like 
material, like in the TV-system of the interdigitating cells of the 
paracortical areas (chapter IV) . 
Though differing in every morphological respect from the 
lymphoid cell population of the paracortical areas, the marginal 
zone cells likewise did not constitute one homogeneous class of cells, 
but two types were represented, differing in electron-density of both 
nuclear and cytoplasmic matrix particularly following PSMA­
staining (plate 65, see also plate 77 ) .  A corresponding difference in 
optical density was observed by phase contrast microscopy of 
PSMA-stained ultra-thin sections (plates 6 1  and 62) . As with the 
paracortical lymphoid cells the question may be raised whether or 
not this difference represents an artifact, or whether it might signify 
different stages of some developmental process. As will be shown in 
the description of the plasmacell response this difference is real and 
maintained throughout the plasmacell development. 
Upon detailed examination the 'dark' type of marginal zone cell 
97 
not only had the electron dense cytoplasmic matrix, but the 
cytoplasm contained significantly more mono" and polyribosomes 
than the ' light', electron lucent type. In methylgreen"pyronin stained 
light microscopical sections this latter difference was reflected in a 
corresponding difference of cytoplasmic pyroninophilia. Mitoses of 
marginal zone cells, occasionally found in light microscopy, have 
not been observed. 
It may be added that the way in which marginal zone cells were 
lying between 'dendritic cell'"processes clearly differed from the 
situation of paracortical lymphoid cells dispersed between para" 
cortical interdigitating cells (compare plates 40--43 with 58) : 
fine finger"like protrusions of the cytoplasm interlocking with 
dendritic cell cytoplasm never occurred. 
Upon local irradiation of a lymph node in rabbits subjected to the 
'AR"isolation' procedure, again a rapid ( 1 2-24 hrs.) repopulation of 
the follicular areas with blood"borne small lymphocytes with dark 
nuclei was found (plate 22) . As in the experiments ofBos (see p. 19) 
marginal zone cells developed out of these cells. Consequently this 
class of small lymphocytes either constitutes or contains the mar" 
ginal zone cell"precur.sors. Electron microscopically these small 
lymphocytes had characteristic 'condensed chromatin'"type nuclei 
- as might be expected from light microscopy - and a small quantity 
of cytoplasm (plate 56) . Like the marginal zone cells originating 
from them two types of differing electron"density were observed 
among these lymphocytes: the one with an electron dense cyto" 
plasmic matrix - particularly following PSMA"staining - and a 
greater quantity of mono" and polyribosomes, the other more 
electron lucent and with fewer ribosomes. Cytoplasmic organelles 
of these lymphocytes closely resembled those of the marginal zone 
cells. Apparently the transformation of these lymphocytes into 
marginal zone cells consists of a marked change of the nucleus -
including dispersing of chromatin and development of nucleoli -
and cytoplasmic growth. Both types of marginal zone cells would 
seem to have their own specific type of precursor cell (fig. 9a, b) . 
It may be added that these lymphocytic marginal zone cell"pre" 
cursors were not only observed following local irradiation, but also 
during outer cortical repair 5-6 days following total body irra" 
diation (plate 57) . Lastly, the lymphocyte population of primary 
follicles and the coronal lymphocytes of secondary follicles in normal 
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animals represent - by morphological (light and electron mi­
croscopical) criteria - the same class of cells. 
a b 
Fig. 9. Transformation of non-thymus-derived lymphocytes (a) into marginal 
zone cells (b) in between dendritic cells. 
DC: dendritic cell. 
Ly': lymphocyte, marginal zone cell-precursor (electron dense type) . 
MZC1: marginal zone cell (electron dense type) . 
Ly2: lymphocyte, marginal zone cell-precursor (electron lucent type) . 
MZC-TC2: marginal zone cell-transitional cell to plasmablast (electron lucent 
type) . 
Outer cortical dendritic cells and paracortical interdigitating 
cells did not exhibit any morphological changes following 750 rads 
of local irradiation of the lymph nodes. The observations on 
plasmablast formation and plasmacell development, to be described 
presently, leave little doubt as to the pla.smablast precursor charac­
ter of the marginal zone cells. In fact the conclusion seems inevi­
table that the transformation of lymphocytes into marginal zone 
cells is an unconditional prerequisite for antibody forming potential 
- at least as far as non-thymus dependent antibody formation is 
concerned. Histologically the marginal zone cell would seem to be 
the immunocompetent, 'custodian' -type of plasmablast precursor, 
i.e. awaiting antigenic stimulation. The intimate relationship 
between dendritic cells and marginal zone cells justifies the hy­
pothesis of dendritic cells 'trapping' the antigen on their cell mem­
brane and thus enabling, facilitating or promoting antigenic stim­
ulation of marginal zone cells present among their dendritic 
web. It remains to be decided whether also lymphocyte trans-
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formation into marginal zone cells might possibly depend on den­
dritic cell activity. 
Induction of the plasmacell reaction in the outer cortex of the lymph node. 
Transitional cells and plasmablasts. 
Light microscopical examination of the reaction towards ferritin 
in the 'AR-isolation system' (p. R7) clearly demonstrated that the 
first immunoblasts made their appearance between 1 2  hrs. and 
1 8  hrs. following antigen administration. They were localized dif­
fusely in the outer cortex between lymphocytes, marginal zone cells 
and dendritic cells. Electron microscopically the first signs of the 
plasmacell response were seen approx. 6 hrs. after the antigen. From 
that moment on cells were observed essentially having the mor­
phological (submicroscopical) character of marginal zone cells, but 
of increasing size and exhibiting 'minor' changes of subcellular com­
ponents, up to cells representing characteristic plasmablasts. With 
the phase contrast and the electron microscope the resemblance 
between the cells in this series was striking (plates 6 1  and 67) and 
more or less in contrast with the marked morphological difference 
between marginal zone cells and plasmablasts in methylgreen­
pyronin stained light microscopical sections. 
These transitional cells apparently represented a continuous pro­
cess of transformation from marginal zone cells to plasma blasts and 
were characterized by increased size of cell and nucleus, increased 
size of nucleoli, a slightly increased number of rough-surfaced endo­
plasmic reticulum-strands, but mainly by a marked increase of 
polyribosomes. The Golgi complex had grown slightly and, upon 
PSMA-staining, still contained PSMA-positive material. To-gether 
these changes, when considered over the entire span of the marginal 
zone cell-plasmablast transformation, correctly accounted for the 
marked light microscopical differences between marginal zone cells 
and plasmablasts seen in methylgreen-pyronin stained material. 
PSMA-staining again showed the occurrence of two types of 
transitional cells - an electron dense and an electron lucent type -
corresponding to the two types of marginal zone cells (plates 65, 
66 and 67) . The 'dark' type in the transformation process devel­
oped definitely more polyribosomes and similarly more - though 
still fairly scarce - rough endoplasmic reticulum than the 'light' 
1 00 
type. In both populations the cisternae of the endoplasmic re­
ticulum did not contain an electron dense (protein-)precipitate. 
These two types of transitional cells could be surprisingly clearly 
distinguished by phase contrast microscopy in which electron­
density was 'translated' in optical density (plates 6 1  and 62) . 
Plasmablasts, apparently resulting from the above-described 
transformation process, were observed from 1 2-1 8  hrs. onwards. 
They were seen in the outer cortex but at 24 hrs. already some of 
them had descended into the pr_eviously depleted paracortical areas. 
Though still resembling marginal zone cells, the plasmablasts 
had acquired nearly twice their size ; they had large nucleoli and 
their polyribosomal complement had increased considerably. Single 
strands of rough-surfaced endoplasmic reticulum were seen in 
various parts of the cytoplasm; for the first time the cisternae con­
tained an electron dense precipitate, presumably protein. 
Among the plasmablasts again an electron dense and an electron 
lucent type was observed (plates 68, 69 and 72) . The different 
characteristics closely corresponded to those of the respective 
marginal zone cells and transitional cells: the 'dark type' had an 
electron dense cytoplasmic matrix, and much more densely packed 
(poly)ribosomes (plates 70 and 7 1 ) .  In the phase contrast microscope 
the cytoplasmic electron-density again manifested itself as optical 
density (plates 63 and 64) ; in methylgreen-pyronin stained light 
microscopical sections the 'dark type' plasmablasts clearly distin­
guished themselves by their conspicuously heavier cytoplasmic py­
roninophilia which was obviously due to the higher content of 
ribosomal material. Phase contrast microscopy also clearly showed 
the strands of endoplasmic reticulum as dark lines in the 'light 
type' and as lighter structures in the 'dark type' plasmablasts 
(plates 63 and 64) . 
It may be stipulated that the typical electron microscopical over­
all resemblance of marginal zone cells, transitional cells and plasma­
blasts was maintained throughout the transformational changes as 
described above. 
To our opinion, this unequivocally indicates that these cells together 
constitute a cell line or rather two cell lines, a 'dark', heavilj1 basophilic 
electron dense and a 'light' ,  moderately basophilic electron lucent. These 
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cell lines obviously represent the antigen-induced transformation of (immuno­
competent) precursor cells to plasmablasts. 
Passage of plasmacellular elements from outer cortex through and along 
paracortical areas towards medulla. 
The flow of dividing and maturing plasmacellular elements, 
which had originated in the outer cortex, towards the medulla 
through and along the paracortical areas as described in the light 
microscopical part of this investigation (p. 87) could be examined 
in more detail by electron and phase contrast microscopy. First of 
all it was found that the distinction into a 'dark type' and 'light 
type' plasmacell line was maintained throughout the multiplication 
and maturation process and also included the fully mature plasma­
cells (plates 73-76) . The submicroscopical features responsible for 
this distinction - viz. electron-density, packing of free (poly)­
ribosomes - remained the same as described in the foregoing section. 
Secondly, while moving through the depleted paracortical areas 
and along corridors between these, the immature plasmacells 
showed active multiplication and - as their most characteristic 
feature - the gradual development of an elaborate system of rough 
surfaced endoplasmic reticulum. The endoplasmatic sacs always 
contained a moderately electron dense precipitate, presumably im­
munoglobulin. It may be noted that although the Golgi apparatus, 
characteristically situated in a juxta-nuclear region was well-de­
veloped, it only consisted of lamellated sacs and microvesicles. 
Secretory vesicles were observed, neither associated with the Golgi 
complex nor elsewhere in the cytoplasm. Immature plasmacells 
were observed in the deeper parts of the paracortical areas and in 
medullary strands and sinuses as early as 48-72 hrs. following 
antigen injection. Fully mature plasmacells, in which the nuclei 
had gained their typical 'condensed chromatin'-type were found 
by the 3rd day, mainly in the medullary cords. These latter cells, 
as indicated above, had still maintained their electron dense or 
electron lucent character (plates 75 and 76) . 
DISCUSSION 
Electron microscopical examination revealed the presence in the 
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entire lymph node outer cortex of a system of reticulum cells charac­
terized by a fine web of ramifying dendritic processes ; phagocytic 
inclusions were not observed in these dendritic cells. These cells were 
clearly distinct from the interdigitating reticular cells found in the 
paracortical areas. Dendritic cells were not only found in follicular 
structures, where they have been described by various investiga­
tors (cf. p. 29 and 30), but were present throughout the outer cortex. 
Morphologically the dendritic cells proved to be radioresistant at 
irradiation doses of 750 rads in our experiments. NETTESHEIM and 
HANNA ( 1969) described antigen-retaining reticular cells - pos­
sibly corresponding to dendritic cells - in the lymphoid follicles 
of the mouse spleen, and found that they became damaged by 
600 rads of irradiation. These authors suggest that damage of these 
cells plays a role in radiation induced immunological unresponsive­
ness. On the other hand jAROSLOW and NossAL ( 1 966) found 
'dendritic macrophages' in the rat lymph node follicles to be highly 
radioresistant up to doses of 8,000-1 6,000 rads. Following local ir­
radiation of a lymph node in rabbits (750 rads; see Bos 1967) 
lymphocytic cellularity and immunological responsiveness were 
rapidly restored, which showed that any reticular cell that might 
play a role in immunological responsiveness had survived the 
irradiation functionally unaffected (s.c. antigenic challenge 48 hrs. 
after local lymph node irradiation) . 
In the present investigations both outer cortical dendritic cells 
and paracortical interdigitating cells proved morphologically un­
affected by local irradiation of a lymph node in rabbits that had 
been previously subjected to the 'AR-isolation' procedure. Whereas 
in these animals, the paracortical areas remained depleted of 
lymphocytes, the outer cortical follicles were repleted with blood­
borne small lymphocytes within 24 hrs., and the experimental system 
used proves them to be non-thymus-derived. Among these lympho­
cytes two types could be distinguished by electron microscopy both 
of them with a condensed-chromatin type nucleus, but differing in 
electron-density and ribosomal content of the cytoplasm (plates 56 
and 59) .  These two types of lymphocytes were also found during 
follicular repair about 5-6 days after sublethal total body irra­
diation (plate 57)  and over the entire period of observation in 
'AR-isolation' animals and in normal rabbits. Transformation 
of these lymphocytes into characteristic marginal zone cells - equal-
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ly of two types - is seen best under condititons of outer cortical and 
follicular repair e.g. following radiation damage. However, on the 
basis of normal lymph node histology and lymph node or spleen 
shielding experiments by Bas ( 1 967) the cortical influx of small 
lymphocytes and their transformation into marginal zone cells may 
safely be assumed to be a continuous process. It would seem to rep­
resent one of the basic dynamics of normal lymph node histo­
physiology like the continuous exchange of the lymphocyte pop­
ulation of the paracortical areas. The transformation of cortical 
(follicular) lymphocytes into marginal zone cells apparently is 
antigen-independent and topographically restricted to the outer 
cortex i.e. to the region of the dendritic cells. It is not yet clear 
whether or not this transformation functionally depends on some 
activity of these dendritic cells but during this transformation the 
lymphocytes were always seen associated with dendritic cells, i.e. 
caught in the web of dendritic processes presumably. (This not only 
holds for the lymph node outer cortex but also for the spleen) . 
The transformation itself represents a fundamental change of cell 
morphology: the nucleus assumes a typical 'open face' character 
with one or two nucleoli appearing, the cytoplasm increases in mass 
and the complement of free (poly)ribosomes grows markedly. 
Though morphological observation cannot provide definite proof, 
it clearly suggests that the marginal zone cell is the immunologically 
responsive plasmacell precursor. Cytologically the structural char­
acteristics of the marginal zone cell might, therefore, be considered 
to reflect morphologically the organizational and metabolic 
features required for reacting upon antigenic stimulation. 
With respect to the initiation of the plasmacell response it was 
demonstrated that plasmablasts arise by antigen-induced trans­
formation of pre-existent marginal zone cells. This process proved 
to be localized in the outer cortex under the conditions of these ex­
periments i .e. with ferritin in 'AR-isolation' rabbits. The obser­
vations reported in chapter III and the first part of chapter V 
would seem to justify the conclusion that this plasmacell response 
is initiated in the outer cortex also in normal animals with Sal­
monella, ferritin and oxazolone antigens; the processes involved in 
the anti-HGG and allograft antibody response appear to be 
complicated by their thymus-dependency. Again the question may 
be raised whether or not the dendritic cells of the outer cortex may 
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be functionally involved in effective antigenic stimulation of the 
marginal zone cells. The ultrastructural analogy between the outer 
cortical dendritic cells and 'dendritic cells' described by MILANESI 
( 1965a, b) ,  'dendritic macrophages' described by WHITE ( 1963, 
1969) and NossAL c.s. ( l 968a) , and 'antigen-retaining reticular 
cells' observed by HANNA c.s. ( 1968, 1 969) is striking. If indeed all 
of these cells represent corresponding elements it is logical to assume 
that the trapping of antigen at the surface of dendritic cell processes, 
as described by these various authors in follicular dendritic cells, 
might be a general phenomenon of crucial importance in induction 
processes. It may be remembered that follicular antigen trapping, 
as described by ADA c.s. ( 1 964a) and NosSAL c.s. ( 1968a) , is pre­
ceded by a localization of the antigen in the outer cortical cell layers 
of the lymph node and the marginal zone of the splenic white pulp. 
In view of the observations in the present investigation the hypothesis 
seems justified that this first stage of non-macrophagic antigen 
trapping is accomplished by non-follicular dendritic cells of the 
lymph node outer cortex and of the splenic marginal zone. This 
particular, early antigen localization might consequently be re­
sponsible for the initiation of the plasmacell response, i.e. for the 
effective antigenic stimulation of the marginal zone cells which are 
associated with these same dendritic cells. On the other hand, the 
follicular localization of the antigen, observed in a later stage, might 
equally be responsible for the induction of the germinal center 
reactions. Here also immunocompetent lymphoid cells, presumably 
follicle-entering lymphocytes rather than marginal zone cells, are or 
become associated with the follicular web of antigen-retaining 
dendritic cells. As to the mechanism of the changing localization of 
trapped antigen it remains to be decided whether displacement of 
dendritic cells is operative, or some sort of elution of the antigen 
along the cytoplasmic processes of a continuous and stationary 
dendritic cell system. 
Regarding the mechanism itself of dendritic cell antigen trapping 
some hypothetical considerations may be brought forward. First, 
the presence of PSMA-positive-, presumably glycoprotein-, 
material in the Golgi complex of dendritic cells suggests the secretion 
of this material which upon elaboration would seem to form a sur­
face coating of the dendritic cell processes. This coating might be 
instrumental in the capturing of antigenic material on the surface 
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of the dendritic processes and prevent it from being phagocytosed 
by macrophages. Secondly, the presence of lymphoid cells in the 
web of dendritic cells might play a role in transferring to the den­
dritic surfaces some antibody-like factor (BYRT and ADA 1969) which 
governs the specificity of antigen trapping or the recognition of for­
eignness. The possibility of such a factor has been raised by the radia­
tion-experiments of WILLIAMS ( l 966a, b) and the demonstration of 
specific circulating antibody enhancing antigen trapping (cf. p. 30). 
As a working hypothesis for further experiments it might be all the 
more attractive as the lymphoid cells - present in the dendritic web ­
which themselves represent immunologically competent plasmacell 
precursors, might in this concept be presumed to endow the dendritic 
cell surface with the capacity of trapping particularly those antigens 
to which the lymphoid cells present might be specifically responsive 
( cf. BYRT and ADA 1 969) in terms of clonally segregated responsive­
ness. Lastly the very recent experiments of RosEMAN ( 1969) , MosiER 
c.s. ( 1 970) and MuNRO and HuNTER ( 1970) may be referred to, in 
which some radioresistant, 'adhering' or 'macrophage-like' cell pres­
ent in splenic cell suspensions of the mouse is required for the in vitro 
primary hemolysin formation against SRBC described by MISHELL 
and DuTTON ( 1966, 196 7) ,  the other two cell types required being a 
thymus-derived antigen reacting cell and a bone marrow-derived 
plasmacell precursor. It should be remembered that the anti 
sheep erythrocyte hemolysin response is thymus-dependent in the 
mouse. 
Following its initiation in the outer cortex the plasmacell response 
proved to be characterized by a migration of plasmablasts and of 
their dividing and maturing offspring through the lymphocyte­
depleted paracortical areas, and in corridors along or between 
them, towards the medulla. Maturation in this respect may be 
defined as the development of an elaborate system of rough-sur­
faced endoplasmic reticulum responsible for immunoglobulin 
synthesis and elaboration. 
Throughout this process the distinction between two cell lines -
an electron dense and an electron lucent type - already present in 
the marginal zone cells was maintained. The difference was most 
pronounced following PSMA-staining and could be observed not 
only electron microscopically but also by phase contrast microscopy. 
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As the electron dense cell line from its precursor-state (marginal 
zone cell) and throughout its development into mature plasmacells, 
had many more and more densely packed ribosomes, these two cell 
lines could also be distinguished in the methylgreen-pyronin 
stained light microscopical sections. When Salmonella Java vaccine 
was used as the antigen the heavily pyroninophilic cell line of 
plasmacells seemed to predominate during the first 24-48 hrs. As 
serologically the antibody accumulating in the blood serum during 
the first day3 of the anti-Salmonella response is largely IgM­
immunoglobulin, with lgG appearing slightly later, the electron 
dense, heavily pyroninophilic plasmacell line might possibly rep­
resent IgM-synthesis, and the electron lucent, moderately py­
roninophilic cell line non-lgM- (o.a. IgG-) -production. lmmuno­
electron microscopy - a submicroscopical equivalent of the immuno­
fluorescence technique in light microscopy - as in the ferritin-labeling 
experiments of nEPETRIS and KARLSBAD ( 1 965) or with the help of 
peroxidase-labeling techniques as used by LEDUC c.s. ( 1 968) ,  might 
provide a solution to this problem. 
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CHAPTER VI 
ANALYSIS OF CELLULAR IMMUNE RESPONSES IN THE 
SPLEEN 
In the spleen plasmacell (antibody-) responses and germinal cen­
ter reactions have been amply demonstrated. However, the oc­
currence in the spleen of specific cellular immune responses leading 
to cell-mediated immunity like delayed-type sensitivity and allograft 
rejection is still an open question. 
On the one hand immunoblast reactions which gave rise to a 
progeny of small lymphocytes - graft-versus-host reactions and 
mitotic reactions of thymus-derived cells - have been demonstrated 
in the spleen, but on the other hand delayed-type sensitization by 
intravenous administration of chemical sensitizers has proved to be 
impossible so far. Intravenous administration of antigen was even 
shown to selectively induce unresponsiveness as regards delayed­
type sensitization towards the intravenously administered antigen 
(TuRK and STONE 1963; DE WEeK and FREY 1 966; TuRK 1967c, d) . 
Intravenous injection of allogeneic lymphocytes - lymph node-, 
spleen-, thoracic duct- or thymus cells - into heavily irradiated, 
unresponsive recipients has been shown to give rise to a graft­
versus-host reaction in the spleen of the recipient. 
The same occurs when parental lymphocytes are intravenously 
introduced into F 1-hybrids which are by nature unresponsive 
towards parental cells. The donor-type immunoblasts appearing 
diffusely in the splenic white pulp during these graft-versus-host 
reactions were shown to give rise to a progeny of small lymphocytes 
(see p. 14) .  In these experiments graft-versus-host reactions did not 
develop, if the donor-animals had been neonatally thymectomized, 
which suggests that thymus-derived cells were the immunologically 
competent cells responsible for the reaction. 
Mitotic reactions of thymus-derived cells have been demonstrated 
by chromosome marker experiments (DAVIES c.s. 1 966, 1 967;  
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KoLLER c.s. 1 967) in the spleen of mice following intravenous in­
troduction of sheep erythrocytes as the antigen. Antibody for­
mation against this antigen - though depending on the presence of 
thymus-derived cells - was not by these cells themselves or their 
progenitors. In the anti-SRBCantibody response of mice MILLER 
and MITCHELL ( 1969a) demonstrated thymus-derived cells to rep­
resent the 'antigen reactive cells' (ARC) enabling bone-marrow 
derived 'antibody forming cell precursors' (AFCP) to start anti­
body synthesis. Moreover, thymus-derived antigen reactive cells 
were also shown to give rise, through blast type cells, to a progeny 
of small lymphocytes (see p. 1 4) .  We suggest the name 'specific 
antigen-reactive-cell response' (S-ARC-R) for the mitotic reaction 
of thymus-derived cells, associated with thymus-dependent anti­
body responses. Apparently the periarteriolar lymphocyte sheaths 
- TDA's - of the spleen possess the capacity for this type 
of cellular immune response. It remains questionable, however, 
whether or not the graft-versus-host reaction is an experimental 
equivalent of an S-ARC-R and whether these two responses are 
the equivalent of specific cellular immune responses which lead to 
cell-mediated immunity. 
I. Specific cellular i:m:mune responses in the spleen? 
SCR andfor S-ARC-R? 
In order to investigate the capacity of the spleen for reacting with 
specific cellular immune responses as described in lymph nodes, the 
reactions upon intravenous administration of allogeneic thymocytes 
- including iodoacetate-killed thymocytes and thymocyte homog­
enates - and upon ferritin and oxazolone were analyzed using 
sublethally (450 rads) irradiated rabbits with and without the 
thymus shielded and supralethally (900 rads) irradiated bone­
marrow shielded animals. The former represent a simplified 'SCR­
isolation system' in which antibody formation is temporarily sup­
pressed; the latter animals are completely unresponsive, i .e.  regard­
ing both antibody responses and specific cellular responses for at 
least a week following the irradiation. 
Allogeneic thymocytes. Two sublethally (450 rads) total body irradiated 
rabbits were given each 1 09 allogeneic thymocytes (viability > 80 %) 
1 09 
intravenously 24 hrs. after the irradiation. Splenic biopsies were 
histologically examined 3 and 6 days after thymocyte administra­
tion. Vigorous immunoblast reactions were observed, as might be 
expected, in both 3 and 6 days' biopsies. These reactions did 
not give rise to the development of mature plasmacells. 
A rabbit similarly treated was used for autoradiographic analysis. 
3 Days after the injection of thymocytes I ml. 0.9 % saline con­
taining 200 ftC 3H-thymidine (spec. act. 3.000 mC/mM) was in­
troduced into a branch of the art. lienalis over a I 0 minutes period 
by means of a motor driven injection pump (NIEUWENHUIS 1969) . 
Splenic biopsies were taken 1 hr. and 24 hrs. following introduction 
of the label and used for autoradiography. In the 1 hr. biopsy 
the periarteriolar lymphocyte sheaths of the splenic white pulp 
contained large numbers ofheavily labeled pyroninophilic immuno­
blasts. The 24 hrs. biopsy exhibited weakly labeled and non­
labeled immunoblasts, but large numbers of intensively labeled 
small lymphocytes were observed in both white and red pulp. 
Labeled plasmacellular elements were only occasionally found. It  
may be concluded that the immunoblast reactions observed in these 
sublethally irradiated animals following intravenous introduction of 
living allogeneic thymocytes represent an immune response of the 
cellular type as is shown by the progeny of small lymphocytes. The 
experiments do not permit conclusions as to whether the immuno­
blasts represent donor- or recipient-type cells or both. 
The experiment was repeated in 4 rabbits, two of which received 
killed thymocytes - 1 .9 X 1 09 cells, treated; with 0.01 M sodium 
iodo-acetate; viability < 5 % - and the other two a homogenate of 
thymocytes (equiv. of approx. 109 thymocytes) , instead of living 
thymocytes. In both cases no immunoblast reactions whatsoever 
were observed in either 3 days' or 6 days' biopsies. 
Supralethally ( 900 rads) irradiated rabbits (7) 1, with the hind leg 
shielded (cf. p. 37) in order to obtain bone-marrow protection, 
were given approx. 109 allogeneic thymocytes (viability > 80 %) 
24 or 48 hrs. following irradiation. Splenic biopsies were taken 
from the 1 st to the 4th day after thymocyte injection. 
One of these rabbits had been subjected to surgical thymectomy 
3 months before, and was given 30 X 1 09 allogeneic thymocytes 
1 Number in parentheses refers to number of animals used. 
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(viability > 80 %) intravenously 24 hrs. after the irradiation. 
Splenic biopsies were performed on this animal, 3, 5 and 7 days 
later for histological examination; moreover, small fragments of 
white pulp were processed for electron microscopy - see section III 
of this chapter. Vigorous immunoblast reactions were observed 
from the 2nd day onwards. On the 7th day the reaction had clearly 
decreased; no mature plasmacells developed and no germinal center 
reactions were observed; small and medium-sized lymphocytes 
were present throughout white and red pulp. A similarly suprale­
thally irradiated rabbit (non-thymectomized) with the hind leg 
shielded was used for autoradiography. The animal received approx. 1 09 
allogeneic thymocytes (viability > 80 %) intravenously, 24 hrs. 
after the irradiation. 3H-thymidine was introduced into a splenic 
arteriolar branch (see NrEUWENHUIS 1970) 3 days after thymocyte 
injection and splenic biopsies were taken 1 hr. and 24 hrs. later. 
Again the 1 hr. autoradiograms showed innumerable, heavily 
labeled immunoblasts, whereas in the 24 hrs. biopsy heavily labeled 
small lymphocytic elements were found in addition to weakly and 
non-labeled immunoblasts. Labeled mature or immature plasma­
cells were only occasionally observed. 
It is clear that the immunoblasts observed in these latter experi­
ments can only be donor-type cells and consequently the immuno­
blast response obviously represents a graft-versus-host reaction, the 
end-cells of which were lymphocytic. 
Ferritin, oxaz;olone, killed thymocytes and thymocyte homogenates. 
These antigens were tested in sublethally ( 450 rads) irradiated, thymus 
shielded rabbits, which constitute a simplified 'SCR-isolation 
system' of sufficient sensitivity as shown by unequivocal specific 
cellular responses induced in the paracortical areas of lymph 
nodes after administration of ferritin and skin application of 
oxazolone (pp. 59 and 62) . 
In the present experiments the antigens were injected intrave­
nously, again 24 hrs. after the irradiation. The spleen was histologi­
cally examined 2, 4 and 6 days after the administration of 5 mg 
ferritin, 50 mg oxazolone, 0.9 X 1 09 iodoacetate killed allogeneic 
thymocytes or a homogenate of thymocytes equivalent to 0.25 X 1 09 
cells. Three animals were used for each of the antigens. A control 
splenic biopsy was done just before antigen injection; moreover, 
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lymph nodes and the thymus were histologically examined upon 
sacrifice. 
No immunoblast response was observed in the spleens of any 
animal following any of the antigens used. The only change ob­
served was a gradual increase of the number of small lymphocytes 
populating the periarteriolar sheaths from 0 to 6 days, like in the 
thymus-shielded animals of chapter IV (cf. p. 6 1 ) . Some additional 
control-experiments (2 x 2) were performed in which iodoacetate­
killed thymocytes and thymocyte homogenates were subcutane­
ously administered to sublethally irradiated, thymus shielded ani­
mals. The homogenates of thymocytes elicited vigorous immuno­
blast responses in the paracortical areas of the regional lymph 
nodes of these 'SCR-isolation' rabbits (plate 1 2) .  On the other 
hand iodoacetate-treated thymocytes uniformly gave negative re­
sults; apparently the treatment had destroyed allogeneic immuno­
genecity as measured by this experimental system. 
It may be concluded that the antigens which in the lymph nodes 
induced vigorous specific cellular immune responses, upon intra­
venous injection were unable to elicit any corresponding reactions 
in the spleen of similarly pretreated rabbits - which suggests an 
incompetence of the splenic TDA's for such specific cellular 
reactions. A possible clue to the understanding of this presumable 
incompetence of the splenic periarteriolar lymphocyte sheaths was 
offered by electron microscopical observations which will be 
dealt with later on (p. 1 1 8) . 
It may be added that the lymph nodes of the intravenously 
stimulated animals did not exhibit any noticeable responses; the 
thymuses again showed cortical depletion like in the lymph node 
experiments of chapter IV. 
II. Analysis of a thymus-dependent plasmacell response in 
the spleen. 
To analyze the requirements for a splenic plasmacell response 
against allogeneic thymocytes, 'AR-isolation' animals (cf. chapter 
V) and lethally (900 rads) irradiated animals with the hind leg 
shielded (see chapter II) were used as the basic experimental systems. 
The former were med 25 days following the last irradiation, i.e. 
at a time when plasmacell (antibody) responsiveness against Sal-
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monella Java, ferritin and oxazolone was on the whole normal, 
whereas 'thymus-dependent' plasmacell (antibody) responses and 
specific cellular immune responses were impossible. The lethally 
irradiated rabbits with the hind leg shielded constituted fully 
unresponsive experimental systems, at least for the restricted period 
of time needed for these experiments. It may be noted that in these 
latter animals popliteal lymph nodes were removed before the 
irradiation so as to avoid their being included in the hind leg 
shielding. 
The animals were given either a single allogeneic thymocyte sus­
pension or mixed thymocytes from two allogeneic donors. In a last 
experiment apart from mixed thymocytes a splenic cell suspension 
from an 'AR-isolation' rabbit, i.e. a third allogeneic donor, was 
given. 
Normal animals receiving allogeneic thymocytes. 
Normal, non-irradiated rabbits were given intravenously 1 .5 X l 09 
living allogeneic thymocytes (viability > 80 %) from a single donor. 
Splenic biopsies were examined 3 and 6 days later. The experiment 
was done in duplicate. 
3 Days following thymocyte injection a strong immunoblast re­
action was observed in the periarteriolar lymphocyte sheaths of the 
splenic white pulp. The intensity of this reaction had clearly de­
creased in the 6th day biopsies, but large numbers of mature plasma­
cells were present at that moment. It is obviously impossible to 
determine the respective role of donor- and recipient type lymphoid 
cells in the immunoblast reaction. However, part of the reaction 
undoubtedly represented a plasmacell response. The origin of these 
latter elements would almost certainly be the recipient, as thymo­
cytes themselves can hardly be conceived to be plasmacell pre­
cursors. The experimental conditions do not permit any conclusion 
as to whether or not this plasmacell response is thymus-dependent 
or rather whether or not it depends on the presence and activity of 
recipient-type thymus-derived cells. This was investigated in the 
following experiment. 
'AR-isolation' animals receiving allogeneic thymocytesfrom one or two donors. 
The animals (2 X 3)  were sublethally irradiated 2 X , interval 14  
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days, and the thymus locally irradiated repeatedly (see fig. 7, p .  84) . 
They were used 25-30 days after the last total body irradiation, i.e. 
at a time when good antibody responses may be expected towards 
such antigens as Salmonella Java, ferritin and oxazolone. Splenic 
biopsies were performed just before, and 2, 5 and 7 days after the 
injection of thymocytes from either one or two donor rabbits. The 
first of these biopsies always showed the characteristic picture of 
lymphocyte-depleted periarteriolar sheaths (TDA's) , and follic­
ular areas (non-TDA's) that were massively populated with 
marginal zone cells (see plate 28} . 
Following intravenous injection of 9 X 1 08 thymocytes (viability 
> 80 %) from a single donor, small lymphocyte-repleted peri­
arteriolar sheaths were found amidst the large masses of marginal 
zone cells on days 2 and 5. Between these lymphocytes a small 
number of immunoblasts were seen. No immunoblast reaction at 
all was observed in the non-thymus dependent follicular areas. 
In the 5- and 7-days' biopsies only negligible numbers of mature 
plasmacells were seen (plate 3 1 ) .  Some specimens of 7 days' biop­
sies exhibited active germinal centers, though of minimal size. 
The injection of mixed thymoC)Ites, 9 X 108 from one donor and 
1 x 1 08 from another, had quite a different effect. Already in the 
2nd day splenic biopsies a vigorous immunoblast response was 
seen in the whole white pulp. Both in the originally lymphocyte­
depleted, now partly repleted, TDA's - periarteriolar lymphocyte 
sheaths - and amidst the marginal zone cells of the non-TDA's -
follicular areas - large numbers of immunoblasts were present. 
In the 5th and 7th day biopsies the immunoblast reactions had even 
increased;  in addition large numbers of immature and mature 
plasmacells were observed at the outer boundaries of the white 
pulp strands (plate 32) , and quantitatively these cells had 
nearly replaced the marginal zone cells in the 'inner marginal 
zone' i.e. the follicular areas inside the marginal sinus. From the 
5th day onwards small loci of germinal center activity were 
seen. 
Apparently the addition of thymocytes from a second donor, even in 
a quantity of some 10 �0 of those from the first donor made all the 
difference with respect to the plasmacell response. It may be con­
cluded that the thymocyte deprived 'AR-isolation' animals used 
in these experiments, though fully competent to antibody for-
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mation against some antigens, failed to respond with a plasmacell 
reaction upon introduction of thymocytes from a single donor; 
this failure and its reversal by thymocytes from a second donor 
prove the plasmacell response against allogeneic thymocytes to be 
thymus-dependent. Apparently the second donor thymocytes, or 
rather the thymocytes of both donors are at least mutually in­
volved in a 'specific antigen-reactive-cell response' (S-ARC-R) 
enabling antibody forming cell precursors presumably of recipient­
type to develop into plasmacells. This latter point was proven in the 
last experiment. 
Rather surprisingly this cooperation overcomes the allogeneic 
histocompatibility barrier between donor-type thymus derived 
antigen-reactive-cells and recipient-type non-thymus derived 
antibody forming cell precursors. 
Lethally irradiated (hind leg shielded) animals recewmg two-donors' 
thymocytes with or without a third donors' antibody forming cell precursors. 
Lethally (900 rads) irradiated animals with the hind leg 
shielded were given a mixture of 9 X 1 08 thymocytes of two different 
donors. The cells were gently mixed for 1 !  hrs. at 37 oc and intra­
venously injected 24-48 hrs. after the irradiation. Viability before 
injection again was more than 80 %. Splenic biopsies were done on 
days 0, 2, 5 and 7 following thymocyte administration. The ex­
periment was done in duplicate. Both 5th day and 7th day biopsies 
revealed good immunoblast responses in the periarteriolar lym­
phocyte sheaths (plate 33) .  However, no immature or mature 
plasmacells were observed. 
Follicular structures were totally depleted of lymphocytes and 
marginal zone cells throughout these biopsies; periarteriolar lym­
phocyte sheaths were depleted at day 0 but partly repleted with 
lymphoid cells in the 2nd day and later biopsies ; apparently these 
cells were of donor origin. 
Similarly treated, 900 rads irradiated rabbits with the 
hind leg shielded also received mixed thymocytes from two dif­
ferent donors and in addition were given 1 .8 X 109 spleen cells of an 
'AR-isolation' rabbit, 28 days after its last total body irradiation 
i.e. at a moment when splenic lymphoid cells were largely marginal 
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zone cells. The experiment was again done in duplicate. Splenic 
biopsies were taken 2, 5 and 7 days after the cell transfer. 
In contrast to the foregoing experiment the spleen, already in the 
2nd day biopsies, had its follicular structures repopulated with 
marginal zone cells, obviously of third-donor origin. lmmunoblast 
reactions had also started in these biopsies, but now were seen 
both in the periarteriolar lymphocyte sheaths and amidst the mar­
ginal zone cells. Large numbers of immature and mature plasma­
cells were, moreover, observed in the 5th and 7th day biopsies 
(plate 34) . This plasmacell response might be directed against host­
antigens and/or against one or both of the simultaneously injected 
thymocyte suspensions. 
(A last experiment - lethally irradiated recipients given thy­
mocytes of one donor and splenic cells of an 'AR-isolation' (second) 
donor - which might have demonstrated a plasmacell response 
was not done.) 
lll. Electron microscopy of cellular intntune responses in the 
spleen. 
Electron microscopy was done on th)'mocyte suspensions, as used in 
the foregoing experiments, and on splenic white pulp from (a) a 
thymus-deprived, 900 rads irradiated and hind leg shielded rabbit to 
which thymocytes from a single allogeneic donor had been given 
24 lm. after the irradiation (see p. 1 10) (b) 'AR-isolation' rabbits 
25-30 days after the last total body irradiation (cf. plate 28) and 
(c) a 'SCR-isolation' rabbit 6 days after the last total body ir­
radiation with thymus shielding (cf. plate 27) . The latter (b and c) 
were examined with the particular purpose of comparing the 
ultrastructure of thymus-dependent and non-thymus dependent 
areas of lymph nodes and spleen respectively. 
The thymocytes were suspended in 7 % agar-agar in 0.9 % 
saline and after solidifying processed as tissue fragments. Thymic 
tissue itself was examined for comparison. 
Splenic biopsies were sliced at ±500 ft as described earlier; small 
fragments containing white pulp were obtained from these slices 
under a dissecting microscope. Following fixation and embedding 
m epon, 1-2 ft sections were prepared in which immunoblastic 
activity, TDA's and non-TDA's were light microscopically 
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localized. Guided by this orientation the blocks were trimmed and 
ultra-thin sections were cut for electron microscopical examination. 
Thymocyte suspensions. 
With the electron microscope the suspensions of thymus cells were 
found to contain two clearly distinct types of lymphoid cells. 
One of them was the smaller one and had a very electron dense 
nuclear chromatin which corresponded to an extreme 'condensed 
chromatin'-type nucleus in light microscopical sections; it had a 
relatively narrow zone of cytoplasm. The other, which was the 
larger type had a definitely less condensed nuclear chromatin and 
more cytoplasm (see plate 79) . No differences were observed in 
electron-density of the cytoplasmic matrix, neither following U a-Ph 
staining, nor with the PSMA-reaction. The two cell types did not 
seem to differ very much in cytoplasmic details as shown in plate 
79: a nuclear envelope with pores and a clear perinuclear cisterna, 
cytoplasm containing moderate numbers of free ribosomes most of 
which appeared to be monoribosomes, a few round to oval mito­
chondria, apparently empty Golgi vesicles, and a centriole (plate 
79, insert) . From morphological characteristics it is not clear 
whether these cell types represent two different kinds of thymocytes, 
or just developmental stages of one kind of thymus cell. In thymus­
sections the smaller thymocytes appeared to predominate in the 
thymic cortex, the larger ones with the somewhat 'lighter' nucleus 
would seem to represent the lymphocyte population of the thymic 
medulla. 
Graft-versus-host immunoblast reaction. 
The reaction studied was elicited by intravenously injecting 
thymocytes from a single allogeneic donor into a totally unrespon­
sive recipient (thymectomized, 900 rads total body irradiation with 
the hind leg shielded) 24 hrs. after the irradiation. Splenic biopsies 
were examined 3 and 5 days after thymocyte transfer. Light 
microscopy of the ensuing immunoblast reaction from this animal 
has been described on page 1 1 1 . 
In both the 3rd and 5th day biop3ies two types of immunoblasts 
were present of which the respective cytoplasmic matrices differed 
m electron-density (plate 80), especially following PSMA-
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stammg, and which clearly corresponded to the immunoblasts 
observed in paracortical ares of the lymph nodes in 'SCR-isolation' 
animals. The electron lucent immunoblast of the splenic white 
pulp would seem to correspond to the one predominating in the 
lymph node of 'SCR-isolation' animals following HGG ad­
ministration; the electron dense type in the lymph node was the 
prevailing type after oxazolone. As in the lymph node the packing of 
polyribosomes was tightest in the 'dark' type, which also contained 
some lamellae of rough-surfaced endoplasmic reticulum (cf. plate 
80).  
As in the lymph nodes the exact cytological character of the end­
cells of the reaction - 'lymphocyte-like cells' by light microscopical 
criteria - could not b� assessed with certainty. 
The basic cellular reticulum of thymus-dependent and non-thymus dependent 
areas in the spleen. 
The 'thymus-dependent' periarteriolar lymphocyte sheaths and 
the 'non-thymus dependent' follicular areas of the splenic white 
pulp were studied in splenic fragments from an 'AR-isolation' 
and a 'SCR-isolation' rabbit. As in the lymph nodes this pro­
vided the opportunity for studying the respective regions both with­
out and with its particular population oflymphoid cells. 
The most characteristic finding was the absence of interdigitating 
reticular cells from the periarteriolar lymphocyte sheaths. In the 
splenic fragments of the 'AR-isolation' rabbit the periarteriolar 
regions only contained fibroblastic reticular cells, accompanied 
by a few collagenic fibres, and typical macrophages. In the 
'SCR-isolation' rebbit these regions were more or less densely po­
pulated with thymus-derived lymphocytes showing their charac­
teristic features as described earlier (cf. p. 67 - lymph node) . 
In the latter case the cells of the basic reticulum - fibrocytic ele­
ments and macrophages - lay distributed rather widely apart 
between the lymphocytes. They were also easily distinguished in the 
above described sections from graft-versus-host reactions. 
In the non-thymus dependent follicular areas a dendritic cell 
system, morphologically identical to that described in the lymph 
node outer cortex, was present. Here again occasional fibroblastic 
reticular cells and macrophages were found. It may be stressed 
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that dendritic reticular cells were found in the follicular areas both 
outside the marginal sinus which normally outlines the splenic 
follicle, i .e.  in the marginal zone proper and inside i.e. in the areas 
which under normal conditions constitute the lymphocytic corona 
and the follicular center. The non-thymus dependent follicular areas 
in the 'SCR-isolation' animal were totally depleted of lymphoid 
cells -which left the dendritic cell system as the major structural com­
ponent. In the 'AR-isolation' animal the follicular areas proper 
and the marginal zone were nearly exclusively populated with 
marginal zone cells (sec plate 77) ; small, non-thymus derived 
lymphocytes were present in very small numbers only. This situation 
is always found during the first weeks of regeneration from 450 rads 
total body X-irradiation. The marginal zone cells observed, com­
pletely corresponded to those described in chapter V in the lymph 
nodes : both types - electron dense ('dark') and electron lucent 
( 'light') - of marginal zone cells were present between the inter­
stices of the web of the dendritic cell system (see plate 77 ;  to be 
compared with plate 58) . It is particularly these cells that were 
transferred, when splenic cell suspensions from 'AR-isolation' 
animals were given to heavily irradiated rabbits in the last experi­
ment described in section II of this chapter. This same experiment 
indicates that these cells represent the immediate plasmablast 
precursors. Apparently the marginal zone cells constitute the plasma­
blast precursors not only in the non-thymus dependent anti­
body responses against Salmonella Java, ferritin and oxazolone 
(lymph node, cf. p. 99) but also in a thymus-dependent plasmacell 
response in the spleen. 
It should be noted, that under normal conditions, the trans­
formation into plasmablasts after intravenous administration of 
antigen is not localized in the marginal zone as it is in the lymph 
node after peripheral introduction of the antigen. The plasmacell 
response in the normal spleen apparently involves a more compli­
cated process of cell migration even though the initiation - i.e .  
the induction of plasmablast transformation - most probably does 
take place in the marginal zone. 
DISCUSSION 
The experiments reported in the first part of this chapter (p. I l l ) 
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demonstrated that various 'non-living' antigens - ferritin, oxazolone 
and thymus cell homogenates - which elicited specific cellular 
immune responses in the lymph nodes of 'SCR-isolation' rabbits 
did not - upon intravenous introduction - evoke immunoblast 
responses at all in the spleen. Living thymocytes, on the other hand, 
intravenously introduced into similar 'SCR-isolation' animals did 
give rise to well developed immunoblast reactions, which in auto­
radiography experiments were shown to generate small lymphocyte­
like end-cells. Still the exact character of these reactions is not clear. 
They certainly included a graft-versus-host component, but possibly 
still contained a host-versus-graft reaction. As to the latter, though 
the presence of a true host-versus-graft specific cellular immune 
response is most unlikely, a host type specific-ARC-reaction 
might have been present. The pmsibility of such a reaction could 
have been tested in 'SCR-isolation' animals with intravenous in­
troduction of HGG as the antigen, but this experiment has not 
been performed. The presence of a graft-versus-host component in 
the reaction observed can be deduced from the occurrence of im­
munoblast reactions in totally unresponsive hosts following in­
troduction of allogeneic thymocytes. This component in its turn 
might have included a graft-versus-host SCR and S-ARC-R. 
The experiments reported in the second and third part of this 
chapter permitted a partial solution to this problem. 
'AR-isolation' animals which upon intravenous administration of 
Salmonella Java vaccine responded with good antibody production 
against the flagellar antigen (KEUNING and VAN DEN BROEK 1968) 
did not show splenic plasmacell responses upon intravenous ad­
ministration of living allogeneic thymocytes. Splenic plasmacell 
responses, however, did occur when mixed thymocytes from two 
allogeneic donors were given. This result suggests that each of the 
two thymocyte suspensions contained 'antigen reactive cells' and 
that they mutually induced a specific antigen-reactive-cell reaction. 
Whether or not these thymocyte suspensions also exhibited true 
SCR-immunoblast reactions, either against each other or against 
the host, is not clear from this experiment. 
Plasmacell reactions upon mixed thymocytes not only occurred in 
'AR-isolation' animals which contained plasmacell precursors by 
themselves, but also in totally unresponsive animals reconstituted 
with such precursors. It was remarkable that these latter cells, 
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splenic cells from an 'AR-isolation' animal again largely con­
sisting of marginal zone cells (plate 77) homed into the correct sites 
- the follicular 'niches' - of the splenic white pulp. Theoretically in 
this experiment a thymocyte suspension from a single donor to­
gether with splenic cells from an 'AR-isolation' animal might be 
expected to suffice for a plasmacell response to occur, namely one 
directed against the non-responsive host. This experiment, how­
ever, was not done. 
Table III gives a summarizing schedule of these thymocyte cell 
transfer experiments. 
Small germinal center reactions were observed in the spleens of 
'AR-isolation' rabbits upon administration of thymocytes from a 
single donor but not in totally unresponsive animals. This ob­
servation would seem to support the hypothesis that germinal center 
reactions may not be thymus-dependent in connection with certain 
antigens against which plasmacell formation or antibody responses 
are thymus-dependent. The hypothesis already was suggested by 
the experiments reported in chapter V (p. 88) in which germinal 
center reactions were observed in lymph nodes of thymus-deprived 
( 'AR-isolation' ) rabbits following subcutaneous administration of 
HGG, to which plasmacell responses appeared to be thymus­
dependent. As in the discussion in chapter V it must be remembered 
that priming for a secondary response to SRBC in mice has been 
reported to be non-thymus dependent in contrast to the primary 
response itself (LEUCHARS c.s. 1 968 ; cf. DAVIES C.S. 1 969) , and that 
production of memory cells for secondary responses has been at­
tributed to germinal center reactions (THORBECKE c.s. 1964, 1 967, 
1969; WAKEFIELD c.s. 1 968a, b) . 
The absence of germinal center reaction from totally unrespon­
sive animals reconstituted with splenic cells from an 'AR-isolation' 
donor, which restored the plasmacell forming capacity towards 
allogeneic thymocytes, suggests that either these splenic cell sus­
pensions did not contain the appropriate precursor cells, or the 
follicular antigen trapping mechanism had been damaged by the 
irradiation. The former supposition might be in accordance with 
histological observations which suggested that germinal center re­
actions have lymphocyte-like cells as the immunoblast precursors 
rather than marginal zone cells, i.e. lymphocytes which had arrived 
recently and had not yet had the opportunity to transform into 
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marginal zone cells. Apparently in lymph nodes during regene­
ration from sublethal total body irradiation the first arriving cortical 
lymphocytes - by the 5th or 6th day post-irradiation - could im­
mediately be involved in a germinal center reaction upon an antigen 
introduced a few days earlier (pp. 58, 59 and 7 1 ) .  
The electron microscopical observations reported i n  the third 
part of this chapter have added two data that may be relevant with 
regard to the exact nature of the cellular immune responses in the 
spleen. First the graft-versus-host immunoblast response - induced 
in totally unresponsive hosts by introducing thymocytes from a 
single allogeneic donor - closely corresponded to the immunoblast 
responses observed in the lymph nodes of 'SCR-isolation' animals. 
In both cases the immunoblasts observed had a progeny of small 
lymphocyte-like cells which, however, could not be defined with 
the electron microscope. In both cases two types of immunoblasts 
were also observed which differed in submicroscopical features. In 
the lymph node these immunoblasts were shown to originate from 
thymus-derived precursor cells and the immunoblast reaction itself 
was shown to encompass a specific cellular immune response against 
a skin allograft and presumably also against ferritin and oxazolone. 
In the spleen, upon analysis of the thymus-dependent plasmacell 
response against allogeneic thymocytes, thymocytes clearly played 
a role as antigen reactive cells. So the question arises whether the 
two types of immunoblasts observed in the spleen might represent 
two types of cellular immune response namely a specific antigen­
reactive-cell response - comparable to the 'mitotic response of 
thymus-derived cells' described by DAVIES c.s. ( 1 966) - and a 
true specific cellular immune response leading to cell-mediated 
immunity respectively. In view of their correspondence to the pre­
dominating type in the lymph node response towards oxazolone, 
the 'dark' type of immunoblast might be presumed to represent the 
latter - SCR-kind of reaction; similarly the 'light' type - cor­
responding to those observed in the lymph node following HGG -
might represent the specific antigen-reactive-cell response. It may 
be noted that this situation would imply that allogeneic thymocytes 
exhibiting (splenic) graft-versus-host reaction in the spleen have 
the capacity for both types of immune responses (SCR and 
S-ARC-R) whereas the autogenic splenic population of thymus-
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derived cells can respond only with a specific antigen-reactive-cell 
response. 
The second datum obtained by electron microscopy might have a 
bearing on this problem. In the spleen the characteristic inter­
digitating reticular cells, constituting the basic cellular reticulum of 
the thymus-dependent, paracortical areas of the lymph node, were 
completely absent. The hypothesis presents itself whether the ab­
sence of the interdigitating cell system may be causally related to the 
incompetence of the splenic, thymus-dependent, periarteriolar 
lymphocyte sheaths with regard to specific cellular immune respon­
ses leading to cell-mediated immunity. It would seem logical to 
accept as a hypothesis a possible role of the interdigitating cell 
system as an antigen trapping mechanism on behalf of specific 
cellular immune response, i .e.  comparable to the role of the den­
dritic cell system in the plasmacell and germinal center reactions. 
An observation by TuRK c.s. ( 1 968) might be related to this 
problem. In a comparative investigation these authors studied the 
histological and immunological effects of several antisera, viz. anti­
lymphocyte serum and an antiserum against non-lymphoid com­
ponents of the immunological apparatus. It was found that an anti­
serum against 'Lymph Node Permeability Factor', a membrane­
free extract of pooled guinea pig or rat lymph nodes, in contrast 
to ALS did not cause depletion ofparacortical areas. Upon sensiti­
zation towards oxazolone, however, both antisera gave a comparable 
suppression of the immunoblast response. It might be speculated 
that the anti-LNPF serum acts upon the interdigitating cells 
as its target cells. 
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SUMMARY AND FINAL CONCLUSIONS 
In order to analyze the plasmacell ( 'antibody') and specific 
cellular ( 'cell-mediated') immune response in the rabbit procedures 
were developed to separate these immune responses with X-ir­
radiation as the main experimental tool. In addition a preparative 
technique was developed which permitted exact localization within 
the lymph node of any tissue fragment under electron-optical ob­
servation. 
Primary plasmacell responses to various antigens could be studied 
in animals in which cell-mediated type immune responsiveness had 
been abolished by 2 sublethal total body X-irradiations (2 wks' 
intervals) followed by weekly local irradiation of the thymus 
( 4-6 X ) .  Lymph node paracortical areas in these animals remained 
depleted oflymphocytes, but the outer cortex including the follicles 
regained an apparently normal aspect with a population of non­
thymus derived small lymphocytes and marginal zone cells. Both 
cell types were distributed among a dendritic cell system which 
turned out to be present not only in the follicles but throughout the 
outer cortex. In animals thus treated plasmacell responses were ob­
served upon (sub)cutaneous administration of Salmonella Java 
vaccine, horse spleen ferritin and oxazolone, but not after horse 
gamma globulin and skin allografts; plasmablasts developed dif­
fusely in the outer cortex by transformation from marginal zone 
cells within 1 2-24 hrs. after antigen administration. Two sub­
microscopically distinct 'marginal zone cell through plasma cell' 
lines were observed. 
Following local irradiation of a lymph node in these experimental 
animals, the radiation damage was overcome within 24 hrs. by 
non-thymus derived, blood-borne small lymphocytes repleting the 
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follicles. A part of these lymphocytes subsequently transformed into 
marginal zone cells. This transformation is antigen in-dependent 
and topographically restricted to the outer cortex. This fundamental 
change in cellular ultrastructure as a presumably basic step towards 
immune (antibody) responsiveness is discussed in relation to the 
antigen-trapping capacity of the dendritic cell system. 
Cell-mediated type ( 'specific cellular' ) immune responses to the 
same antigens were studied in a complementary experimental 
system obtained by 3 sublethal total body X-irradiations with the 
thymus shielded (2 wks' intervals) . Plasmacell responses could not 
be elicited in these animals for some I 0 days, but skin allografts were 
rejected within 1 1-16 days. Histologically the lymph node para­
cortical areas showed a rapid, patchy repletion apparently with 
thymus-derived lymphocytes; the outer cortex remained depleted of 
lymphocytes and marginal zone cells for 7- 1 1 days. Antigen-induced 
immunoblast responses in the paracortical areas were shown to give 
rise to a progeny of small lymphoid cells by autoradiography. 
Ultrastructural analyses revealed two main features: a charac­
teristic, strictly TDAI-bound basic pattern of interdigitating 
reticular cells (i) , and the existence of two cell lines of thymus­
derived lymphocytes which were both involved in the immunoblast 
reactions (ii) . 
By periodic acid or chromic acid silvermethenamine (PSMA 
or Chr-SMA) staining a tubulo-vesicular system was found in the 
interdigitating cells, filled with a PSMA (or Chr-SMA)­
p03itive substance. The complicated structure of the interdigitating 
cell membranes was marked by a surface coating, most likely the 
sub3tance (glycoproteins?) produced by the tubulo-vesicular system. 
The possible significance of these aspects in respect to the homing 
and immunological specificity of thymus-derived cells is discussed. 
By comparing these findings with data on the immune response 
obtained in normal, non-irradiated antigenically challenged rabbits, 
the following could be deduced : 
- the site of initiation of the thymus-independent plasmacell 
reaction was restricted to the outer cortex of the lymph node ; 
- the thymus-dependent plasmacell reaction presumably started 
1 Thymus Dependent Area. 
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at  the borderline between outer cortex and paracortical area; 
- the specific cellular immune response was bound to the para­
cortical area of the lymph node; 
- a primary (sub ) cutaneous challenge with the various antigens 
used always gave rise, simultaneously, to a primary response and 
a specific cellular immune response, though in a varying ratio; 
- once initiated plasmacell and specific cellular immune respon­
ses intermingled in the lymph node cortex; 
- it was impossible morphologically - even submicroscopically -
to determine whether a reacting cell type belongs to the plasmacell 
line or to the specific cellular component during the early pre­
blast phase of the immune response. This holds especially for the 
'electron lucent' cell lines described. 
Investigating the capacity of the spleen for reacting with specific 
cellular immune responses, it was found that various antigens 
(ferritin, oxazolone and thymus cell homogenates) which elicited 
specific cellular immune responses in the lymph node after (sub) ­
cutaneous challenge did not - upon intravenous injection - evoke 
any reaction in the spleen under the same experimental circumstan­
ces. 
Submicroscopical observations revealed the absence of a system 
of interdigitating reticular cells in the splenic TDA's. This latter 
point might be causally related to the inability of the spleen to 
react with specific cellular immune responses, i .e. which lead to 
cell-mediated immunity. 
Transfer of viable thymocytes from a single donor to a totally un­
responsive recipient elicited a specific cellular immune response 
(graft-versus-host reaction) in the splenic white pulp; autoradio­
graphy showed that the immunoblasts gave rise to a progeny 
of small lymphoid cells. 
Animals, in which 
'
cell-mediated type immune responsiveness 
was abolished and which responded with good antibody response 
against Salmonella Java vaccine, did not show splenic plasmacell 
responses upon administration of allogeneic living thymocytes. 
Plasmacell reactions against donor thymocytes were only ob­
served in the presence of thymocytes of receptor or second donor 
1 2 7  
origin (i) and non-thymus derived plasmacell precursors of receptor 
or third donor origin (ii) . 
The aim of this study has been a morphological analysis 
of the immune response by means of light and electron microscopy. 
This analysis necessitated the use of artificially induced immunolog­
ical conditions. Although the findings obtained in these situations 
were compared with data from normal, non-irradiated rabbits, we 
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I. LIGHT MICROSCOPY 
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OF THE IMMUNE RESPONSE 
• HISTOPHYSIOLOGICAL ANALYSES 
OF THE IMMUNE RESPONSE 
II. ELECTRON AND PHASE CONTRAST MICROSCOPY 
• ULTRASTRUCT URAL ASPECTS 
OF THE IMMUNE RESPONSE 
• IMMUNOCOMPETENT CELLS AND PROGENY 
LEGEND 
The first part refers to the light microscopy (LM)1 ) ,  the second 
part to the electron and phase contrast microscopy of SPECIFIC 
CELLULAR and ANTIBODY RESPONSE respectively. Next 
to the text of the second part (EM) the topographic relation of the 
plates to the lymph node cortex and the different ( 'isolation') 
systems used are outlined. Unless otherwise indicated by figures all 
plates on the same page are taken from identical areas ( * )  of a lymph 
node cortex (e.g. see page opposite to plates 1 -3) .  Figures in paren­
theses refer to analogous situations in EM-part and/or LM-part. 
The electron micrographs were made with the Philips EM 200 
or EM 300, except plates 50 and 5 1 ,  which were made with the 
Zeiss EM 9. 
1) Plate no. 2 is  from a preparation ( 1 939) of the late Prof. J. de Haan, plates 
no. l and 29 are from material of Prof. F. ]. Keuning and A. A. van den Broek 
and ]. W. Arends, G. H. Blijham and B. Lowenberg respectively. 
ABBREVIATIONS USED 
PCA - paracortical area (TDA) 
TDA - thymus dependent area 
OC - outer cortex (non-TDA) 
non-TDA - non-thymus dependent area 
EV - epitheloid venule 
SCS - subcapsular sinus 
c.a. - central arteriole 
F - follicle 
ALN - axillary lymph node 
PLN - popliteal lymph node 
PSMA - periodic acid silvermethenamine staining 
Chr-SMA - chromic acid silvermethenamine staining 




















- marginal zone cell(s) 




- dendritic cell 
- interdigitating cell 
- processes of dendritic cell 
- nucleus 
- nucleolus 




- ergastoplasmic lamellae, rough-surfaced endoplasmic 
reticulum 
- interdigitating cell membranes 
- tubulo-vesicular complex 
BASIC SYSTEMS 
FOR ANALYSIS OF THE IMMUNE 
RESPONSE 
Plate I .  
Plate 2.  
· . ·  
Plate 3. 
BASIC SYSTEMS FOR ANALYSIS OF THE IMMUNE RESPONSE 1) 
'AR-isolation system'. Totally depleted PCA's. OC repleted with non-thymus derived 
lymphoid cells. 
ALN. !55 Days after last total body X-irradiation, 1 30 days after homologous skingraft. 
Graft not rejected. (30 ; Prof. F. J. Keuning and A. A. van den Broek) 
Low magnification of normal lymph node of unknown origin. (25 ; from the late Prof. 
J. de Haan) 
'SCR-isolation system'. Part of lymph node cortex. Aggregates of thymus-derived 
lymphocytes in PCA's. OC still devoid of its lymphoid cell population. Image compli­
mentary to plate I .  
PLN. 7 Days after last total body X-irradiation with thymus shielding ( 70 ) . 






2 DAYS' ANTI-FERRITIN IMMUNE RESPONSE IN NORMAL ANIMAL 
IMMUNOBLASTS IN OUTER CORTEX AND PARACORTICAL AREA 
ALN. lmmunoblasts (plasmablasts) in OC zone (340 X ) .  
.\LN. Idem. Identical area in corresponding section (340 X ) . 
ALN. Immunoblasts (SCR-blasts and/or plasmablasts) in PCA. Mitoses ( +) . Same 
ection as 4. (340 x ) . 
scs 
DETAILS: DENDRITIC CELLS AND MARGINAL ZONE CELLS (oc) 
INTERDIGITATING CELLS AND LYMPHOCYTES (PCA) 
Plate 7. Dendritic cell with multiple cytoplasmic processes (�) ; marginal zone cells (:1:) and 
transitional cells. Area not related to primary or secondary follicle { 1 900 x ) . 
Plates 8, 9. Interdigitating cells (:!: ) ,  lymphocytes and (SCR?) blasts ( �) . Note bizarre nuclei of 
(EM 35-44, 78) IDC's. 
Identical section as 7. Same magnification ( ! )  ( 1 900 x ) . 
Plate 10. 
(EM 50, 51) 
Plate I I . 
Plate 1 2 .  
(EAI 35-41) 
SOME SPECIAL ASPECTS 
lmmunoblasts (plasma blasts and SCR-blasts) in PCA at borderline ( = = = )  with 
OC; start of thymus-dependent antibody response (?) (see text p. 52) . In OC: no 
blasts, but lymphocyte accumulation only. Lymph node capsule ( -+ ) . 
ALN. 2 Days after HGG (450 >. ) . 
'Isolated' geminal center reaction (see p. 59) . 
PLN. 4 Days after ferritin, 5 days after total body X-irradiation with thymus shielding 
(420 .. ) . 
'Cluster' of SCR blasts around interdigitating cell ( -+J in PCA. 
PLN. 4 Days after subcutaneous injection of homologous thymocyte celdebris, 5 days 
after total body X-irradiation with thymus shielding. ( 1 200 ) . 
HISTOPHYSIOLOGICAL ANALYSES 
OF THE IMMUNE RESPONSE 





Thymus-derived lymphocytes ( ICCscK) and SCR blasts in PCA. OC: depleted. 
.\LN. 2 Days after oxazolone, 4 days after last total body X-irradiation with thymus 
shielding ( I  70 1 . 
'Specific cellular' transplantation response in PCA of draining axillary lymph node . 
Still depleted non-reacting OC. 1 2  Days after homologous skingraft, 1 3  days after last 
total body X-irradiation with thymus shielding. Graft rejected ( 120 x ) . 
Plate 1 5. 
(EM 35-52) 
Plate 16 .  
(EM 35-52) 




DETAILS : SCR-BLASTS AND 'COMMITTED END-CELLS' 
Detail of 13 .  ( 1 200 x ) . 
Detail of 1 4. IDC ( -->-) (900 x ) . 
Labelled SCR-blasts in PCA { 1 300 x ) . 
THYSHJRoTOT460R-24 hrs-ferritinsc_4 days-3HT5c- l  hr-LPLN biopsy . 
Labelled 'committed end-cells' in PCA ( 1 300 x ) . 
THYSHJRoTQTU0R-24 hrs-ferritin5c-4 days-3HT5c-24 hrs-RPLN biopsy 
Plate 1 9. 
(E1\tf 63, 64; 
68-74) 
-r- - r - �- · � , · , 
� '(� 1 " ·._- , 
'AR-ISOLATION SYSTEM' 
Plasmacellular elements passing along side ( 'corridor') and through depleted PCA 
from OC to medullary cords (270 ) . 
PLN. 24 Hrs after sc. Salmonella Java vaccine. ') 
1 } It is extremely unlikely that the maturing plasmacells in the lower half of this picture 
are related to the paratyphoid vaccine, given 24 hrs earlier. 
Plate 20. 
(EM 61-72) 
Plate 2 1 .  
(EM 63, 64; 
68-74) 
DETAILS OF A NON-THYMUS DEPENDENT LYMPHOID CELL SYSTEM 
OC: area corresponding to plate 1 9(a) (next section) . 
Marginal zone cells, transitional cells and plasmablasts (400 X ) . Note differences in 
dark and light staining cytoplasm in cells of same maturity ( -+<=) and compare with 
EM plates. 
PCA: area corresponding to plate 1 9(b) (next section) . 
Plasmablasts ( -+) and immature plasma cells ( -++) (500 X ) . 
Plate 22. 'AR-isolation system' :  primary follicles. 24 Hrs' influx of dark stammg non-thymus 
(EM 56, 59, 60) derived lymphocytes into popliteal lymph node after local X-irradiation (750R) . 







DETAILS OF THY�IUS-INDEPENDENT ANTIBODY RESPONSE 
Full complement of plasmacellular elements in reacting outer cortex-medullary cord 
junction (600 . 
I .  lVIarginal zone cells. 2 .  Transitional cells to plasmablasts. 3. Plasmablasts. 4. Imma­
ture plasmacells. 5. Mature plasmacells. Note differences in dark and light staining cyto­
plasm in cells of same maturity (-+<=) and compare with ElVI plates. 
PLN. 'AR-isolation system'. 24 hrs after Salmonella Java vaccine. 
:\Iassivc plasmacell  reaction, passing through PCA, depleted of thymus-dependent 
cell system. ( 250 1 .  
PLN. '.\R-isolation system' ( ! J 4 clays after oxazolone. 
Indicated area of plate 24. Germinal center reaction (GCR) . (400 X ) . 
Details of plasmablasts (:;: ) and immature plasmacells ( intracytoplasmic 'halo', -+) 







TDA's II\' SPLEEN AND 'GUT-ASSOCIATED LYMPHOID TISSUE' 1) 
COMPLEMANTARY IMAGES 
'SCR-isolation system'. Thymus-derived lymphocytes in p.a. l .s. 24 Hrs. after last total 
body X-irradiation with thymus shielding. (200 X ) . 
'AR-isolation system'. Depleted p.a. l .s .  (TDA) . 
Non-TDA's crowded with marginal zone cells and non-thymus derived lymphocytes. 
30 Days after last total body X-irradiation (200 X ) . 
Depleted TDA, surrounded by normal active secondary follicles (F) and dome-shaped 
areas (DSA) i .e. non-TDA's (200 X ) . 
Appendix. 2 1  Days after X-irradiation {]. W. Arends, G. H. Blijham, B. Lowenberg) . 
'SCR-isolation system'. TDA selectively repleted with thymus-derived lymphocytes. 
Radiation damage ( --..) . (200 X ) . 
Appendix. 24 Hrs. after last total body X-irradiation with thymus shielding. 
1 see fig. 4 p. 68 
ANALYSIS OF A THYMUS-DEPENDENT PLASMACELL REACTION IN THE SPLEEN 1) 
Plate 3 1 .  
Plate 32. 
Plate 33. 
(EM 79, 80) 
Plate 34. 
'AR-isolation system' . 5 Days after i.v. injection of donor thymocytes ( 1) . TD \'s re­
pleted with donor thymocytes. GvHr (�) . No plasmacell reaction (2 10 ) . 
'AR-isolation system'. 5 Days after i .v. injection of donor thymocyte mixture (1 -t- 11) . 
Massive plasmacell reaction (2 1 0 X ) . 
5 Days after i.v. injection of donor thymocyte mixture (I +II)  in totally unresponsive 
(900R/BMSH) recipient. GvHr ( -+) .  No plasmacell reaction (2 1 0  x ) . 
5 Days after i.v. injection of donor thymocyte mixture (1 + 11 ) and viable spleen cell 
suspension (III) from 'AR-isolation' animal (if. plates LM 28 and EM 77) in totally  
unresponsive (900RfBMSH) recipient. Massive plasmacell reaction (2 1 0 x ) . 







(LM 8, 9) 
Plate 36. 
INTERDIGITATING CELLS 
Bizarre nuclei, PSMA-positive substance in tubulo-vesicular 
complex and interdigitating cell membranes (PSMA 9 1 00 x ) . 
ALN. 'SCR-isolation system'. 2 Days after homologous 
skingraft. 
Ua-Pb details of IDC with intracytoplasmic filaments (see 
also inset; 28,800 X ) . Note electron dense material in peri­
nuclear cisterna (->-) ( 1 2,400 x ) . 
PLN. 'SCR-isolation system'. 4 Days after ferritin. 
� 
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DETAILS IDC. THYMUS-DERIVED LYMPHOCYTES 
Plates 37, 38. 
Plate 39. 
Plate 40. 
(LM 3, 8, .9, 
12, 14 16) 
Continuity between intracellular tubulo-vesicular complex 
and cell surface. PSTviA-positive deposits ( -) . See also 
relation to Golgi apparatus (38) . (37, PS.I\1:\ 1 7,200 
38, PSMA IO,OOO x ) . 
Control of 38: SMA-staining, without pre-oxidation. (same 
magnification as 38) . 'Whorls' ( ) . 
Interdigitating cells, with thymus-derived lymphocytes 
( ICCsCR) between membrane systems. (PSMA 5500 X ) . 
ALN. 'SCR-isolation system'. 2 Days after homologous skin 
graft. 
;;;r , . . � .. ./ · .  . .  
PROTRUSIONS OF THYMUS-DERIVED CELLS IN INTERDIGITATING CELL 
Plate 4 1 .  Chromic acid-SMA positive material covered fingerlike cell 
protrusions of thymus-derived cells (:;:) , piercing the body of 
!DC. Note the Chr-Sl\IIA negative content of tubulo-vesicu­
lar complex. ( Chr-SMA 1 4,000 X ) . 
PLN. 'SCR-isolation system'. 4 Days after ferritin. 
� ..- . 
· . · · -. . A : .. ,' v • . 
..r 0 '1. 
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SCR-BLASTS IN PARACORTICAL AREA 
Phase-contrast of PS.\IA stained 500 A -section ( 3600 x ) 
Plates 42, 43. * :  Same cell in both micrographs . 
(LH 13--18) Note irregular shape of iDC nucleus in both pictures. 
PLN. 'SCR-isolation system'. 4 Days after oxazolone . 
SCR-BLASTS IN PARACORTICAL AREA 
E;\1! of PSMA stained 500 A-section (JO,OOO x )  
Plates 44, 45. 
(LM 13-18) 
* : Identical spot of same cell in both electronmicrographs. 
Note difference in electron density and ultrastructure of 
cytoplasm in both blast cells. 
PLN. 'SCR-isolation system'. 4 Days after oxazolone. 





Possibly related to kind of antigen used. 
PLN. 'SCR-isolation system'. 4 Days after oxazolone (Ua-Pb 
1 3,700 . 
PLN. 'SCR-isolation system'. 4 Days after ferritin (Ua-Pb 




Detail of 46. (Ua-Pb 68,400 X ) . 
Detail of 47. (Ua-Pb 68,400 x ) . 
Note difference in packing of poly-ribosomes. Few ergasto­
plasmic lamellae. Ribosomal-helices ( -+) .  
* 
• 
SCR-BLAST AND 'END-CELLS' 
Plate 50. HGG-blast. (PSMA 6500 X ) . Note electron lucent cytoplasm. 
(LM 10, 17 PLN. 'SCR-isolation system'. 4 Days after HGG. 
Plate 5 1 .  
(LM 18 
Plate 52 . 
(LM 18 
'HGG-end cells' (?) (:!:) (PSMA 4000 ) . 
PLN. 'SCR-isolation system'. 4 Days after HGG. 
Two lymphocytes in medullary sinus, passing a medullary­
cord reticular cell. 'Ferritin-end cells' (?) . 
PLN. 'SCR-isolation system'.  4 Days after ferritin. (Chr­
Sl\IA 9300 I . 
> � � . ' 
. . r : . 
.. 
• •  • 
EM-PROBLEMS IN CHARACTERIZATION OF INTERMEDIARY STAGES 
Plate 53. 
(Li\l 1 7, 18) 
Plate 54. 
(LM 1 7, 18) 
:;:: Either transitionals from thymus-derived cells to blasts 
or from blasts to 'end cells'. 
PLN. 'SCR-isolation system'. 4 Days after oxazolone. (PSMA 
9300 > ) . 
Idem. Note difference in electron density and ultrastructure 
of cytoplasm in both intermediary cells (:!:) . 
PLN. 'SCR-isolation system'. 4 Days after oxazolone. (PSMA 





Note multiple dendritic processes. 
PLN. 'SCR-isolation system'. Still depleted outer cortex, 5 
days after X-irradiation, 4 days after oxazolone. (PSMA 
1 2,000 . ) . 
--· 
r. 
DENDRITIC CELLS WITH MARGINAL ZONE CELL-PRECURSORS 
Plate 56. 
(L M  22) 
Plate 57. 
Prima1yjollicle. 24 Hrs' influx of non-thymus derived lympho­
cytes (marginal zone cell precursors\ into popliteal lymph 
node after local irradiation (750R) . 'AR-isolation system'. 
Note condensed-chromatine type nuclei of lymphocytes. 
(PSMA 9300 x ) . 
Regenerating outer cortex, 5 days after total body X-irradia­
tion (450R) . Note difference in cytoplasmic density of 
invading lymphocytes (Ly ' and Ly'), presumably MZC­
precursors. Some PSMA-positivc granula in Golgi-regio of 
DC's. (PSMA 5500 x ) . 
DENDRITIC CELLS WITH MARGINAL ZONE CELLS 
Plate 58. Note interrelation between dendritic cell 'system' and 
marginal zone cells. Differences in cytoplasmic density of 
different MZC's. 
PLN. 'AR-isolation system'. 2 Days after ferritin; non-react­
ing lymph node sector. (PSl\,IA 4000 J . 
DETAILS OF DENDRITIC CELLS 
Plates 59, 60. 
(Ll\1 7) 
Filaments and dendritic cell processes. Part of condensed­
chromatine type MZC-precursor (:f:) with electron lucent 
cytoplasm and few ribosomes in 59. 
Note desmosomes (-+) and peculiar electron dense cell mem­
brane invaginations in 60 (___...�) .  
Primary follicle. 24 Hrs after local irradiation (if. /Jlate Lll/ 22). 
PLN. 'AR-isolation system'. 
(59: Ua-Pb 22,600 • ) (60: Ua-Pb 3 1 ,400 x ) . 
MARGINAL ZONE CELLS AND TRANSITIONAL CELLS IN OUTER CORTEX 
Phase-contrast of PSMA stained 500 A-section. (3600 x )  
Plates 6 1 ,  62. Note difference in optical density between the two types of 
(L U 7, 20, 23) transitional cells, the two types of marginal zone cells 
respectively. 
PLN. 'AR-isolation system'. 24 Hrs after ferritin. 
PLASMABLASTS IN ORIGINALLY DEPLETED PARACORTICAL AREA 
Phase-contrast of PSMA stained 500 A-section. (3600 x ) 
Plates 63, 64. Note difference in optical density between the 2 types of 
(LM 19, 21, 23, plasmablasts, presumably the progeny of respective MZC's 
24, 26) and TC's (plates 6 1 ,  62). 
PLN. 'AR-isolation system'. 24 Hrs after ferritin. 
MARGINAL ZONE-TRANSITIONAL CELL TYPES 
Plate 65. 
(LM 7, 20, 23, 
Note extreme differences in cytoplasmic electron-density of 
the cells (:i: ) .  Similarity in nuclear type and PSl\I.\-positive 
substance in granules ( --+) . 
PLN. 'AR-isolation system'. 24 Hrs after ferritin. (7000 x ) . 
Plate 66. Detail Ua-Pb staining (35, I 00 ) . Electron dense type transi-
LJH 7, 20, 231 tiona! cell (:!:) . 
PLN. 'AR-isolation system'. 24 Hrs after ferritin. 
TRANSITIONAL CELL OF THE ELECTRON LUCENT TYPE 
Plate 67. PSMA ( 10,500 x ) . 
(LM 7, 20, 23) PLN. 'AR-isolation system'. 24 Hrs after ferritin. 
PLASMABLAST TYPES IN ORIGINALLY DEPLETED PARACORTICAL AREA 
Plate 68. 
(LM 19, 20, 
23, 26) 
Plate 69. 
(LM 19, 21, 
23, 26) 
Electron lucent plasmablast. Compare electron dense materi­
al (:i:) in cytoplasm with situation on plate 72.  (Ua-Pb 
1 0,900 x ) . 
PLN. 'AR-isolation system'. 1 8  Hrs after ferritin. 
Electron dense plasmablast. 
PLN. 'AR-isolation system'. (Ua-Pb 1 0,900 x ) . 24 Hrs after 
ferritin. 
Plate 70. 
Plate 7 1 .  
Plate 72. 
DETAILS PLASMABLASTS 
Detail of 68. (Ua-Pb 67,700 x ) . 
Detail of 69. (Ua-Pb 67,700 x ) . 
Note difference in (poly)ribosomes. 
Nuclear pore (-+).  
Identical blast as on plate 68. Note intracytoplasmic PSMA 
positive material and compare with plate 68 (*) · 
(PSIVIA 9300 x ) . 
MITOSES OF TWO TYPES OF IMMATURE PLASMACELLS 
IN ORIGINALLY DEPLETED PARACORTICAL AREA 
Plates 73, 74. Note obvious differences in 
- form of ergastoplasmic lamellae 
- electron density of protein contents 
- electron density of cytoplasmic cell matrix 
- packing of (poly)ribosomes. 
PLX 'AR-isolation system', Plate 73: 48 hrs after ferritin; 
plate 74: 72 hrs after ferritin. (73 : Ua-Pb 1 6,400 x ) (74: 
Ua-Pb 1 6,400 x ) . 
MATURE PLASMACELLS 
Plate 75. Same differences as in 73 and 74. 
PLN. Medullary cord. (Ua-Pb 16,400 x ) . 
Plate 76. 
MATURE PLASMACELLS 
Representatives of the 2 types of mature plasmacells (:;:) . 
Same cell ( -�) as on cover micrograph. 
PLN. Medullary cord. (Chr-SMA 9300 x ) . 
I MMUNOCOMPETENT CELLS 
AND PROGENY 




L.lf 6, 9! 
MZC1 :  electron dense type. MZC2: electron lucent type. 
Primary follicle (non-TDAl in spleen (Chr-SMA 8500 ) . 
'.\R-isolation system'. 
Electron dense and lucent type of immaturP plasmacells in 
PC.\ of normal axillary lymph node (Ua-Pb 1 7, 1 00 ) . 





Two types of thymocytes in thymus cell suspension Ua-Pb 
15,800 . 
Inset: centriole and Golgi apparatus 37,400 
Two types of GvH-blasts SCR/S-ARC-R in splenic white 
pulp of recipient after i.v. injection of donor thymocytes 
plate 79 . 
'\Tote similarity with immunoblasts in lymph nodes, plates 
42 50. 
Spleen: thymectomy-3months-900R BMSH-24hrs-donor 

